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SUMMARY 
A study of slimy and ropy milk sent for examination to th', 
dairy baeteriologicallaboratories of Iowa State college has shown 
the following: 
1. Cultures of organisms secured from slimy starters, ap-
parently typical Streptococcus laciicus forms, sometimcs showed 
marked capacity to produce ropiness when inoculated into sterile 
milk. This slime producing power is evidently a variable char-
acteristic, appearing and disappearing without apparent canse. 
2. Associative action of organisms in some cases is respon-
sible for ropiness. Two organisms, neither of which alone can 
cause ropiness, may, when grown together, cause the medium to 
become slimy. 
3. Bacterit~m (lactis) VtSCOs1~m is one common cause of 
slimy milk. 
4. Ccrtain peptonizing bacteria, as Bact. peptogenes, pro· 
duce a very slimy residuum after digestion of the casein. 
5. Bacteri1~m bttlgctricwn and certain related high acid or-
ganisms frequently produce marked viscosity in milk. 
Sliminess in milk is apparently due to dfferent causes with 
different organisms: 
1. Gum and gum-like capsular materials partially soluble, 
or at least swelling in water, al'e frequently the same. 
2. In many cases there seems to be a direct relationsh1p 
between chain formation of streptococcus and the development 
of ropine3s, likewise between the numbers of bacteria and ropi-
ness. 
3. Associative action between two distinct organisms re-
sulting in great increases in number of each is not uncommon 
as a cause of ropiness. 
Methods of control and prevention of slimy milk are dis-
cussed. 
Keys to the organisms that have been described as respon-
sible for slimy production in milk are presented. An attempt 
has been made to clear up synonymy. Descriptions of thirty-
three species of bacteria that have been found associated with 
milk are given, and the literature reviewed_ 

SLIMY AND ROPY MILK 
By R. E. Buchanan and B. W. Hammer. 
The abnormal fermentation of milk, variously termed ropy, 
slimy or viscous, is of considerable importance in practical dairy-
ing, pal'ticularly in the creamery. It sometimes appears in milk 
that is still in the hands of the producer. The milk dealer or re-
tailer not infrequently has the condition called to his attention 
by the consumer. Particularly during the summer months, the 
milk and cream delivered to the creamery may show this unde-
sirable change and the buttermaker sometimes finds that his 
starter has developed ropiness instead of undergoing the typical 
lactic acid fermentation. The makers of Edam cheese in lnani 
cases utilize slimy starters as favorable for this type of cheese, 
while sliminess is a desirable characteristic sought in certain fer-
mented milk beverages It is evident, therefore, that ropy or 
slimy milk and cream, sometimes undesirable, sometimes desir-
able, are common the world over in the dairy industry, and the 
organisms bringing about these changes and the conditions of 
their growth are of considerable practical importance. 
The term ropy, as applied to milk, is to be sharply differen-
tiated from stringy. 'fhis latter condition is present in milk 
from the udders of cows suffering from mastitis, or garget. The 
"stringy" character of this milk is due to the masses and threads 
of fibrin and leucocytes contained As a result of the inflamma-
tion of the udder and the throwing off of blood plasma from the 
injured surfaces, there is coagulation and formation of fibrin. 
Bacteria, usually streptococci or micrococci, are always respon-
sible for this inflammation, and hence, indirectly, produce stringy 
milk. The abnormal consistency is, however, not. t.o be attributed 
directly to bacterial products, but to substances developed by the 
tissues of the body. In ropy milk, on the other hand, the ropiness 
01' sliminess which develops after the milk leaves the udder is due 
directly to bacterial products, or to bacteria (or other micro-
organisms) themselves. 
An attempt is sometimes made to differentiate between 
slimy milk and ropy milk. Scholl (1891) states that ropy or 
"thread forming" milk may be identified by the fact. that it. can 
be drawn out in long threads, while slimy milk does not possess 
this characteristic. The differentiation is said to be based largely 
on the chemical constitution of the viscous materials. In " ropy 
milk" the viscosity is stated to be due to carbohydrate dm'iva-
tives, while in "slimy milk" the slimy material is of the nature 
of mucin. In the following pages the terms, slimy, ropy, viscous 
and filamentous, will be used more or less interchangeably. 
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VARIATIONS IN SLIMINESS. 
The degree of sliminess is quite variable. In some cases the 
change in consistency can be observed only by a comparison of 
the rapidity of flow of inoculated and of sterile milk from the 
containers. In other cases, the viscosity is so great that milk will 
not flow at all, even when a tube of the material is inverted. The 
milk may be even tough and doughy . Frequently the sliminess 
is evidenced by the facility with which long strings can be ob-
tained by dipping some such object as a fork into the milk and 
then withdrawing it; sometimes filaments a yard or more in 
length may be fermed. 
In milk which has undergone this viscous fermentation the 
casein may remain unchanged, it may be precipitated (acid fer-
mentation), it may be coagulated. by some rennet-like enzyme, or 
it may be partially or almost completely broken down (diges-
tion). It is apparent that the production of sliminess is not 
necessarily the sole action on milk of a slime-producing organism. 
The upper layers of the milk are sometimes more slimy than the 
lower on account of the oxygen requirement of the causal organ-
ism, while in some cases the ropiness is present to an equal de-
gree throughout the entire mass. The length of time required 
fOl# ropiness to appear in milk is likewise extremely variable and 
is influenced greatly by the tempcrature at which the milk is 
kept. These variable characteristics of ropy milk make it evident. 
that more than one organism is capable of bringing about this 
change. 
SIGNIFICANCE OF SLIMINESS IN DAIRY INDUSTRY. 
The ropy or slimy fermentation is of significance in prac-
tically all fields of the dairy industry. Usually the fermentation 
is undesirable, but in certain instances it should be looked upon 
as desirable, because it accompanies the growth of desired organ-
isms, although the sliminess itself is of little or no importance. 
Slimy milk occasionally causes serious losses in the retail 
milk business. The customers complain of it and, believing that 
it is associated with some diseased condition of the animal, in-
stead of with the growth of a harmless organism, they change 
their milk supply if the trouble continues. 
Milk and cream, when delivered to creameries, sometimes 
have undergone this fermentation. Very frequently this change 
is associated with undesirable flavors and aromas that are diffi-
cult for the buttermaker to overcome. 
The starters prepared in creameries and cheese factories 
not infrequently develop ropiness instead of undergoing a typical 
lactic acid fermentation Often such starters fail to show organ-
isms other than normal lactic acid forms when examined bac-
teriologically. The influence of a starter of this sort on the 
flavor of the butter made therefrom is but little understood, al-
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though cerain practical men believe that it is intimately related 
to the development of the so-called fishy flavor when the butte]' 
is stored. The best starter men at onc'e discard starters that show 
such a change. 
Certain of the milks fermented by inoculated organisms 
show a development of sliminess The taette-mjolk of Norway, a 
sour milk used for food, is the example most often quoted. 
7aette-mjolk is popularly ascribed to the activities of the butter-
wort (Pinglticolu vnlga1'is) or to the activities of organisms pres-
ent upon the flurfaces of these leaves. Olsen-Sopp (1912) claims 
that ropy milk may be produced by an infusion of those leaves in 
milk, but that this does not produce typical taette. Some curious 
errors have crept into literature as a result of this confusion. 
For example: Cole and Hadley (1909) in a list of organisms 
causing ropy milk say: "Norden's Pinguicola vttlgaris. Little is 
known of this organism, but it is probably a fungus." 
Some of the high acid producing lactic bacilli used in milk 
beverages also produce ropiness in the milk fermented, but in 
this group, according to most investigators who have studied the 
question, the property of slime production is qUIte variable. 
Some of these organisms show a flavor and acid development that 
is very satisfactory and the sliminess, if objectionable, may be 
easily reduced by vigorously agitating the fermented milk. 
In the manufacture of Edam cheese, a lactic acid starter 
that produces a slimy fermentation is used. Apparently the 
starter serves the same purpose as the starter used in cheddar 
cheese making, the slime fermentation being simply an accom-
panying unobjectionable character. Harrison (1905) makes the 
following comment: 
In Holland the Dutch cheesemakers use a culture or a "starter" 
of ropy milk whey (Dutch, lange fi-ei) in the manufacture of Edam 
cheese. In this process of cheese making, a quantity of slimy whey 
is added to the milk before it is made into cheese, and it is found 
to have a marked effect upon the ripening by hastening the process, 
the inoculated cheeses being ready for market in a third less time 
than other cheeses not so inoculated. The character of the "slim" 
whey" cheese is slightly inferior to the best type of cheese ripened 
without such inoculation. They do not keep so well, and hence are 
not so well adapted for export purposes, but in spite of these disad-
vantages, the uniformity of the product has made the use of slimy 
whey very popular in Holland, and at least one-third of the cheese 
in that country is now manufactured by this method of artificial 
ripening. 
vVeigmann (1911) states that within recent years the u~e of 
slimy milk or whey in the preparation of Edam cheese has becn 
largely supplanted by the use of pure cultures of ordinary lactic 
acid bacteria. He states that the organism causing slimy milk 
and whey is a capsulated form of the normal lactic acid bac-
terium. Inasmuch as its sole function appears to be to suppress 
the abnormal (particularly the gaseous) fermentations induced 
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by bacteria of thc coli-aerogenes group, its use has been given up 
largely because of certain difficulties in its cultivation and propa-
gation. 
HISTORIOAL. 
Ehrenberg (1840) was probably the first to observe specific 
organisms in slimy milk. His bacterium was found to produce 
a citron yellow color in milk. He named it Vibn'o synxanthns. 
The same organism was studied by Fuchs (1841) and named by 
him Vib1-io xanthogcncs . This organism is so characteristic that 
it has been repeatedly isolated since. It is now known as Bacillns 
Synxanthns. Lohnis, however, regards Haubner (1852 ) as the 
first to suspect the relation of micro-organisms to the slimy con-
dition in milk, and to have conceived that it was a fermentation 
and inoculable. 
Pasteur (1857) first definitely proved the existence of slime 
producing organisms, in this case in wines. 
Lister (1873) associated bacteria with slimy milk formation. 
This author studied the subject in considerable detail at a time 
when there was little known regarding bacteriology. A brief 
quotation from his paper is here given: 
In trying to take up a portion (of milk) with the syringe 
pipette, I encountered a most unexpected difficulty in extreme vis-
cidity of the liquid. I had before observed the effects produced upon 
milk by thirteen different organisms, including six different kinds of 
bacteria, but though the products had differed extraordinarily in 
color, reaction and consistency, viscidity had in no case been wit-
nessed. Here, however, the upper part of the milk had been con-
verted into the most viscid substance I ever saw. When I at length 
succeeded in extracting the pipette without any of its contents get-
ting upon the outside of the glass, I found that on touching any ob-
ject with the delicate end of the tube and withdrawing it, the tiny 
drop became extended into a thread a foot and a quarter in length, 
as delicate as the finest spider's web and barely visible from its ten-
uity . . . On applying the microscope, 1 found no fungus fila-
ments, but multitudes of motionless bacteria. 
Schmidt-Miilheim (1882) examined viscous milk microscop-
ically and found a large coccus IlL in diameter, frequently in 
chains, sometimes isolated, which he regarded as the cause of the 
trouble. He also studied the capacity of this organism to infect 
fresh milk, but did not secure pure cultures. 
Duclaux (1883) noted two organisms, Actinobactc?' dn lait 
V1:sqncau.T and Actinobactcr polymorphns. These organisms were 
inadequately described and cannot be recognized with absolute 
certainty, although several attempts have been made to identify 
them with organisms since described. Lohnis includes these un-
der his BactC?'inm pncumoniac group. Probably they are related 
to Bactcr'ium, lac tis viscosttrn. 
Hueppe (1884) observed small cocci in viscous milk and 
found that the ropiness was due to transformation of the sugar 
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present with the formation of a viscose similar to that described 
by Bechamp (1881) as produced by his Mic1'ococcus viscosus 
grown in cane sugar solution Hueppe (1884) also described au 
organism of the potato bacillus group, Bacillus vulgat1tS, which 
had the property of making cream slimy. 
Loefflee (1887) described the Bacillus lac tis pituitosi cap-
able of producing viscous milk. 
Hess and Borgeaud (1888) described a coccus from a case 
of mastitis as the cause of an outbreak of slimy milk. This or-
ganism is apparently a variant of Streptococcus pyogenes or 
Streptococcus lacticus, or close~y related to these forms. 
Weigmanu (1889) noted that ropy whey was used in the 
manufacture of Edam and Gouda cheese. He secured material 
and succeeded in isolating a streptococcus which in pure cultures 
made cream ropy. It is possible that the Bact. lactis acidi of 
Marpmann (1889) is identical with the Bacill1ts lactis ViSCOS1tS of 
Adametz. Marpmann does not record sliminess of milk, simply 
viscosity on media. 
Freudenreich (1890), in a study of the organisms which are 
capable of producing gas in cheese, found one species capable of 
producing viscous milk, the Bacillus guillebeau c. Guillebeau 
(1890) described the preceding organism more fully. Von Ratz 
(1890) studied an organism isolated by Schutz from milk and 
noted particularly the variahility of its slime producing power. 
This organism was later (1900) named Micrococcus m1tcilagin-
OSttS by Migula. It is apparently a variant of the common lactic 
acid organism. Vignal (1890) noted that Bacillus mesenterictts 
vulgatus could produee slimy, though not ropy milk. Adametz 
(1889) described Baci1l1(s lactis viscosttS from water, and noted 
the fact that it was capable of producing a considerable degree 
of viscosity in milk. He also secured the same organism from a 
dairy in Switzerland. Storch (1890) , according to Troili-Peters-
son, isolated two organisms from ropy milk, each of which could 
induce this fermentation. 
Guillebeau (1891) described two organisms from an in-
flamed udder which were capable of producing slimy mille These 
he named Micrococcus fr eudcnreichii and BactC1"ium hessii. 
Fasching (1891) described the Bacillus capsulatus mucostts. This 
organism is more commonly designated now as Bacillus mttCOS1tS 
capsulattts. -While it is capable of making milk slimy, it was not 
originally isolated from milk and there seems to be no record of 
its isolation from outbreaks of ropy mille Theobald Smith 
(1891) described several organisms from swine feces, one of 
which was found capable of producing slimy milk, making it defi-
nitely viscous in the course of a week or more. It was probably 
Bacterium lactis aerogenes, or a closely related type. Beijerinck 
(] 891) studied briefly the Streptococcns hollandicus of lange Wei 
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in its relationship to the flavor and keeping qualities of Ed.am 
cheese. Conn (1892) described a coccus producing bitter milk, 
which was later named Microccus amcl1"ificans by Migula and 
1I1icroccus Zactis ViSCOS1tS by Stemberg. Scholl (1891) summar-
ized in his book on milk all of the knowledge extant at that time 
on the subject of slimy or viscous milk. Conn (1892), in a bul-
letin of the U. S. Department of Agriculture, discussed the status 
of the various milk fermentations, including the relationship of 
bacteria to slimy milk. 
Fliigge (1893) noted that certain organisms belonging to the 
hay bacillus group are capable of causing slimy milk, particularly 
Bacilltts mesentericus vuZgatus. 
Leichmann (1894) described a bacillus from milk which had 
be ~ome slimy after having been held at a temperature of 50° C. 
Bochicchio (1894) secured cultures of 1I1icrococcttS fj'euden-
j'eichii and Bacterium hessi'i from Freudenreich and studied 
their physiological characters in some detail. According to 
Lohnis, Henrici (1894) isolated from cheese an organism, Bac-
teritt1n vesiC1tZOSnm, which was capable of making milk slimy. 
Freudenreich (1 i)94) listed the various slimy milk organisms 
then known. 
Marshall (1896) isolated from milk an organism apparently 
identical ;with Bacill1ts Zactis ViSCOS1tS. McClatchee (1897) re-
ported on an outbreak of slimy milk in southern California. 
Goethal t (1897) studied the composition of the slime produced 
in milk, and found it to be nitrogenous. 
Weigmann (1898) discussed Streptococcus hoZZandicus in 
its relation to Zange W wi. 
Conn (1899) described Bacillus viscosus Zactis II, an organ-
ism resembling the Bacillus Zactis viscosus of Adametz, but longer 
and more slender. Leichmann (1899) noted the tendency of 
streptococci and of Bacterium acidi Zactici to become viscous 
upon continued cultivation in mille Ward (1899, New York) 
noted the isolation of Betcillus Zetctis ViSCOS1tS from water and 
from mille He found this organism to be the common cause of 
very troublesome outbreaks of slimy mille Troili-Petersson 
(1899) described Betcillus Zetctis Zongi as one of the organisms 
l'C'sponsible for the fermentation in Swedish ropy milk. She also 
noted that Oidum, Zactis may produce sliminess in milk. Weig-
mann (1899) found that many of the common streptococci upon 
continued cultivation in milk show a tendency to produce some 
sliminess. 
Emmerling (1900) noted a tendency of BetciZZtts Zetctis etero-
genes to become viscous upon continued cultivation in milk. 
Boekhout (1900) described St1'eptocOCCttS hornensis from milk to 
which a considerable quantity of cane sugar has been added. This 
is not a typical slimy milk organism as it requires cane sugar for 
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the development of slime; it will therefore not be discussed fur-
ther. 
Klein (1901 ) described an anaerobic butyric acid organism, 
Bacillus rnucosus, which produced some slime in milk. Henzold 
(1981) studied Streptococcus hollandicus ill mille 
Schardinger (1902 ) isolated Bacillus lactis aerogenes, or 
some closely related organism, from water and noted its property 
of making milk slimy. Hohl (1902) isolated a coccus from de-
cayed straw, naming it J(arphoco cct(S pituitoparus. Harrison 
(1905 ) found a bacillus producing slimy milk occasionally pres-
ent in can washings and in stable air, thus showing that bacteria 
of this type are rather widespread. Gruber (1902) described a 
new organism which he termed Coccus lactis viscosi. He (1902 ) 
also described a pigment producing (pink) slimy bacterium, 
Bacterit(1lt lacto-rub efaciens. Weiss (1902) in a study of the or-
ganisms present in the acid fermentation of foods, described 
three species capable of producing slimy milk, Micrococcus gt(m-
mosus (not the M. gummoS'ns of Happ, ]892 ), Mic1'ococcus mucil-
aginC11s and Bactc1'ium gracillinn('l1t, all isolated from acid bean 
decoctions. Inasmuch as these have not been isolated from milk, 
they will not be discussed further. Tillmans (1902) and Till-
mans, Konig and Spieckermann (1902 ) r eviewed the extensive 
literature of slimy milk and described the causal organisms. 
Sachs (1903 ) studied organisms producing slimy milk. 
Burri (1904) described a coccus from green cheese exuding 
all abnormal slimy whey. He concluded that it was a variety 
of Bacteri1(m giinthm-i. Utz (1904 ) noted the tendency of cocci 
and of Bacterinm lactis aerogenes when grown in milk to de-
velop ropy strains or races. 
Harrison and Barlow (1905-6 ) described Bacillus visco-fuca-
tum which they isolated from a sample of oily butter. vVeigmann 
and Gruber (1905 ) described a case of slimy milk which was 
probably due to Bacill1£s lactis viscost(s. Harrison (1905) studied 
twelve cultures of slimy milk bacteria from various sounes and 
placed them in four groups. 
Gruber (1906 ) isolated from cow manure an organism cap-
able of producing slimy milk and belonging to the Bacillus coli 
group. H e called it Bacillus No. 23. Hohl (1906 ) isolated from 
inoculations of Galium moll1(go into milk a bacillus which Lohnis 
regards as probably a variety of Bacillt£s synxantht£s. Comi, 
Esten and Stocking (1906 ) described several new species of slimy 
milk organisms in their "Classification of Dairy Bacteria." 
Schneebeli (1906 ) on investigating an outbreak of slimy milk 
came to the conclusion that the causal organisms are not widely 
distributed in nature. 
Diiggeli (1907 ) found that frequent transfers of a slimy 
strain of Bacillt£s guntheri were necessary to maintain its vis-
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cosity. In the same year he studied some of the slimy milk 
organisms which produce abnormal fermentations in the so-called 
milk fermentation test used in cheese making. Huss (1907) iso-
lated PseudornonasM'ifolii, which digests milk and produces a 
slimy liquid. As this organism was not originally isolated from 
milk, it wll not be discussed further, Dornic and Daire (1907 ) 
studied a new bacillus isolated from serum obtained in the manu-
facture of casein. They named this organism Bacillus surgeri. 
Sato (1907) described Diplococcus viscosus, which produced a 
nitrogenous slime in milk, beerwort, etc. Rullman (1907) pre-
sented evidence that Oidium lactis when grown at certain tem-
peratures sometimes produces slime in milk. Lahnis (1907), in 
an extended account of lactic acid bacteria, noted that slimy 
species or varieties were to be found in each of the lactic groups 
which he described. 
Sewerin (1908) noted that certain strains of the principal 
organism in a fermented milk beverage, jaurt, were capable of 
producing a certain degree of sliminess or viscosity in milk. 
Eberlein (1908) reviewed the literature of slimy milk, but added 
nothing to existing knowledge. 
Kuntze (1909), in his studies on fermented milk, with par-
ticular reference to kefir, published a description of an organism 
closely related to Bacillus esterificans, which made whey slimy 
and viscous. Burri and Thani (1909) discussed the significance 
of the slime producing bacteria which appear in the manufac-
ture of Emmenthal cheese. Alleman (1909) discussed the sliine 
producing power of Bactet'iurn casei. Cole and Hadley (1909) 
reported a slimy milk infection from Rhode Island. The organ-
iSll1- gained entrance to the milk from a contaminated straining 
cloth. Burri and Allemann (1909) discussed the origin of the 
gummy material of ropy milk and determined it to be due to a 
swelling of the chitin-like membrane of bacteria. 
Barthel (1910) discussed two cases of slimy milk, one of 
which was caused by an organism which agreed with Bacillus 
lactis viscosus of Adametz, when compared with a culture secured 
from Kl'al. White and Avery (1910) found two slime producing 
strains among the sixteen strains of Bacill1~s bulgar'ict~s studied. 
Lahnis (1910) noted most of the literature on ropy and slimy 
mille 
Golding and Sadler (1911) isolated Bacillus viscost~s as the 
cause of persistent outbreaks of slimy milk. Weigmann (1911) 
included an excellent summary of slimy milk organisms in his 
, 'Mykologie del' Milch. " 
Olsen-Sopp (1912) published descriptions of two slimy milk 
organisms, St1'eptococcus taette, the characteristic organism pro-
ducing viscosity in Norwegian slimy milk or taette, and Bacillus 
cartilagineus, from false taette. 
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Golding (1912) discussed outbreaks of ropy milk in the 
British Islands, and summarized the literature. Bacteri~£m lactis 
viscos~£s was isolated from one outbreak. 
Gorini (1913 ) described the Bacill~£s casei filans from 
"Grana Kiise." Troili-Petersson (1913 ) described the Bacterium 
droserae as the cause of slimy milk produced when the milk is 
inoculated with the leaves of Drosera intermedia in accordance 
with the statements of Linnaeus. Thani and Thaysen (1913) 
described JIicl'OCO'ccus mucofaciens as a new species of slimy milk 
organism from Berne, Switzerland. Fettick (1913 ) ascribed the 
sliminess of a sample of milk to the presence of Bacill1£s mesen-
tericus fUSC1£S. There appears to be some questions as to the 
accuracy of the results. 
THE PRESENT INVESTIGATION. 
Every year ropy or slimy milk samples are submitted to 
the dairy bacteriologist at Iowa State college for examination 
and diagnosis in such numbers as to indicate that this fermenta-
tion is the cause of considerable losses every summer. This is 
further evidenced by letters received from creameries in Iowa 
asking for information as to causes and methods of prevention. 
Not only are milk and cream quite often viscous when delivered 
to the creamery, but ropiness sometimes develops after the milk 
is received. Furthermore, experience in the creamery at Iowa 
State college, as well as in other creameries throughout the state, 
has shown how readily even the best starters may develop more 
or less viscosity, sometimes becoming unfit for use. Identification 
of the organisms responsible and a study of their growth require-
ments therefore seemed desirable. 
A study of the literature of slimy milk organisms shows it 
to be chaotic. Numerous species of slime producers have been 
described, but many of them only inadequately. An attempt has 
been made to group and collect these scattered descriptions of 
organisms that have been found to be recognizable. 
A study of various organisms causing . slimy milk has been 
('arried out in the laboratory. Some unusual and apparently 
unrecorded peculiarities of some of these forms have been noted, 
particularly several well marked cases of associative action. 
SOURCE OF MATERIALS. 
Cultures of bacteria producing sliminess and ropiness in 
milk were secured from many of the leading bacteriological lab-
omtories of the country. Cultures were also secured from 
samples sent in for examination by various farmers and creamery 




In the spring of 19J2 slimy starters were frequently encoun-
tered among thosc prepared for use in the college creamery. It 
was noticed that all the commercial cultures from which the 
slimy starters developed came from one manufacturing concern 
and that sliminess usually appeared in from the fourth to the 
twelfth transfer. At first the starter would show only a slight 
tendency to string out, but later transfers greatly increased the 
sliminess and in some cases the material could be drawn out into 
threads several feet in length. As a rule, continued transferring 
resulted in the ,;H'oduction of starters that are probably best de-
scribed as doughy, inasmuch as the material was tough and rub-
bery and resembled bread dough more than anything else. Such 
materials offered considerable resistance to the introduction of a 
platinum loop and did not split as a typical acid curd usually 
does. Some of the starters showing this slimy condition, espe-
cially if it was not at all pronounced, were very fair in both flavor 
and odor. They were used in butter making, the butter being of 
the usual quality, and they were also used in the manufacture 
of " lac to " with good results. As the sliminess increased, how-
ever, the flavor became poor and the starters were no longer 
usable. 
Microscopic examination of the slimy starters showed that 
the organisms were in exceptionally long chains, which were very 
numerous. They ran in every direction and formed a network 
in the casein. The tendency to chain formation was so pro-
nounced that in some of the microscopic preparations it was un-
usual to find organisms except in chains made up of six or more. 
'rhe chains were very variable in length and it was not uncommon 
to find them containing over one hundred organisms. 
Microphotographs of some of the chains were shown to sev-
eral bacteriologists and they were invariably called streptococci. 
To the extent of showing that the organism may at times strik-
ingly resemble streptococci morphologically, this would seem to 
support the view of Heinemann that Bacteriu1n lac tis acidi is a 
myth and that instead Streptococcns lacticns is of importance in 
the souring of mille This organism morphologically and cultur-
ally resembled St1'eptococcus lactictts when not slimy and the 
StreptocOCCttS 7wllandictis of vVeigmann when slimy. It is de-
scribed later as organism no. 27, StreptocOCCttS lactic us, val'. 
71 ollandictts. 
Examination of the commercial cultures from which the 
slimy starters developed failed to show any evidence of sliminess. 
They were furnished in milk by the manufacturer and although 
they sometimes reached us before curdling had taken place, so 
that an opportunity for examining them at all stages was offered, 
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no case of sliminess was ever ob3erved in them. Microscopi(: 
examination revealed a very few short chains; however, onc 
showing more than ten organisms was an exception and the great 
majority were made up of from four to six organisms. 
The vigorous shaking of a portion of onc of the slimy start-
ers.in a test tube for two or three minutes greatly reduced the 
sliminess and in some cases it entirely disappeared. Microscopic 
examination of thesc shaken samples in which the sliminess 
was greatly reduced showed that the originally long chains had 
been broken up into much shorter ones. Sliminess reduced by 
shaking was not recovered on standing. 
The heating of a portion of one of the slimy starters like-
wise resulted in the disappearance of the sliminess, the casein, 
of course, being thrown into clumps. These clumps of casein 
rapidly settled to the bottom of the container, leaving a very 
turbid whey abovc. Sliminess destroyed by heating was not re-
covered on standing. The temperature at which the sliminess 
disappeared was rather difficult to determine because the change 
seemed to be a gradual one, but it is probable that the sliminess 
began to decrease at about 45° C., and at 50° to 55°, in some 
cases, at least, there was no longel' any evidence of this condition. 
It was impossible to find any correlation between the acidity 
developed and the degree of sliminess shown by a sample. In 
carrying a number of starters, of which some were slimy, it was 
not uncommon to ·find thc starter showing the greatest sliminess 
and thc one showing the least sliminess with the same acidity. 
On the other hand, the variations in acidity from day to day were 
very great for starters which showed the slimy condition to a 
marked degree. The addition of considerable quantities of lactic 
acid (up to 10 pel' cent was tried) did not seem to reduce the 
sliminess, inasmuch as a portion of a slimy starter to which acid 
was added and which was shaken to incorporate the acid thor-
oughly, showed as much sliminess as another portion shaken 
exactly the same, but without the addition of acid. 
Holding the inoculated samples of milk at 37° C. failed to 
reduce the sliminess and repeated transferring at this tempera-
ture was equally inefficient. All of the starters studied varied 
somewhat from day to day in the degree of slimillcss developed, 
whether they were held at 37° C. or at a lower temperature, but 
no temperature was found which seemed permanently to improve 
the startcrs from the standpoint of their consistency. 
Some of the starters which were carried for a considerable 
period eventually lost their slime producing power for no appar-
ent reason. After the change a microscopic examination 
showed fewer and shorter chains or possibly none at all, although 
some of these starters would have been considered as showing 
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marked chain production when compared with certain starters in 
which the paired arrangement is almost the only one seen. 
During the work a considerable number of starters from 
various sources was examined with the idea of finding out 
whether or not a marked chain arrangement of the organisms is 
always accompanied by a slimy condition. An occasional starter 
was found in which rather long and numerous chains were pres-
ent, but which did not show the slightest tendency toward slimi-
ness. 
Capsule stains after the method of Welch were frequently 
made on smears prepared from the slimy starters, and capsules 
were usually found, but generally only in very small numbers, 
the organisms surrounded representing but a very small percent-
age of the total. The capsules were well stained and very distinct 
so that it hardly seems possible that artefacts were being dealt 
with. Capsules were found surrounding isolated organisms and 
also short chains-the longest one observed containing not over 
15 organisms-while the long chains never showed any evidence 
of a capsule. The organisms showing capsules were sometimes 
found in numbers larger than usual in starters showing a slimy 
condition, but, on the other hand, it was sometimes rather difficult 
to find even one encapsulated organism in a starter showing 
sliminess to an equal degree. Organisms with capsules were ob· 
served in starters which showed no sliminess whatever. Hastings, 
discussing the characteristics of the Bacterium lactis acidi group, 
says, " and capsules are often noted." I t seems, then, that 
capsules are not causally related to the sliminess in the starters 
studied. 
Attempts to isolate a chain producing organism were en-
tirely unsuccessful. The plates poured from the starters showed 
typical Streptococcus lactimts (Bacterittm lactis acidi) colonies 
and none of the inoculations into litmus milk developed organ-
inns with any tendency to form chains. It seems probablc that 
the growth of the organisms on agar restored them to what we 
bave come to consider the normal for the group. 
The sliminess in this case was apparently due to the forma-
tion of chains by the organisms that were producing the acid in 
the milk. It seems reasonable that chains of organisms forming a 
network in a material like precipitated casein would cause the 
material to show a tendency to pull out in threads The failure 
to isolate chain producing strains leaves the results somewhat in 
doubt, however. 
CASE II. 
A sample of ropy cream forwarded to the laboratory from 
one of the creameries of the state was only very slightly slimy 
on arrival. Transfers to tubes of litmus milk, however, resulted 
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in the production within 24 hours of a very slimy condition. 
Plain agar plates were poured from the cream itself and from 
the tubes of inoculated litmus milk. The most conspicuous colonies 
proved to be of considerable size and quite dense. These colonies 
were repeatedly inoculated into litmus milk, but in no case was 
a visible change produced within three or four days. The colony 
itself was not viscous, but the numbers in which its organisms 
were always present strongly indicated them to be the causative 
organisms. This type of organism will be referred to as Organ-
ism I in the following descriptions. It appears in many respects 
to be related to Bacteri1tnt lactis viscosunt, but without the slime 
producing power of the latter organism. It is described later in 
this bulletin in some detail. To it the name Bacteri1tnt visco-
symbioticum has been given. 
The organism that apparently ranked second in point of 
numbers was one whose colony suggested it as belonging to the 
Streptococcus lactiC1ls (BcLcteri1Lnt lac tis acidi) type. This sug-
gestion was strengthened by the growth of the organism in litmus 
milk. When first isolated, this organism, referred to as Organ-
. ism II in the following paragraphs, apparently produced no slim-
iness whatever in tubes of sterile milk. 
In addition to the two organisms mentioned, several others 
were found in small numbers, but none of these produced a slimy 
condition when inoculated into milk. 
Because of the impossibility of producing a slimy fermen-
tation in milk with pure cultures of any of the organisms isolated, 
double inoculations were undertaken. By inoculating both Or-
ganism I and Organism II from agar slopes into tubes of litmus 
milk, a vel'y slimy condition was obtained, and on plating out this 
slimy material, both organisms were recovered. Suspensions of 
each of the two organisms were made in distilled water and tubes 
of litmus milk inoculated with various combinations of the two. 
'rable I shows the amount of each organism used and the results 
obtained. 
TABLE I-RESULTS OF INOCULATION OF TUBES OF LITMUS MILK 
WJTH ORGANISMS I AND II. 
\
Amt. of Suspension \ Amt. of Suspension \ Results obtained aft-
Tube No. of Organism I used of Organism II used. er 48 hours at room 
temperature 
1 1.0 C.c. 0.0 C.c. No Change 
2 0.9 0.1 M!!k S!!my 
3 0.7 0.3 
4 0.5 0.5 
5 0.3 0.7 
6 0.1 0.9 
7 0.0 1.0 Change typical of 
Bact. lactis acidi 
----------
It will be seen from table I that in all tubes where both or-
ganisms were used for the inoculation, a slimy condition was 
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produced, while neither organism alone brought about this con-
dition. 
The appearance of the tubes of litmus milk in which both 
organims were used was distinctly different from those in which 
either organism alone was employed. Organism I, as before 
stated, produced no visible change within three or four days, 
while Organism II acted as the ordinary lactic acid organism, 
there being a red band above and a reduction of the litmus be-
low. ·Where both organisms were used for the inoculation, how-
ever, there was a reduction of the litmus throughout and only 
after standing for considerable periods of time (two or three 
weeks) did the color begin to be restored at the top of the milk. 
Preparations made from tubes of milk inoculated with both 
organisms and stained according to Welch's method, showed no 
evidence of capsule formation. Preparations made from pure 
cultures of Organism II in litmus milk and compared with prep-
arations madp from litmus milk which had been inoculated with 
both Orgar. :'~ifis I and II showed that the latter apparently con-
tained much greater numbers of organisms, as well as a greater 
number of the type designated as Organism II. As a rule, little 
difficulty was experienced in telling the two organisms apart in 
the microscopic preparations made from milk receiving the 
double inoculation. 
It then seemed advisable to compare the total number of or-
ganisms per cc, as determined by the plate method, in a milk 
culture of Organism II with the total number in a tube of milk 
that had been inoculated with both organisms. Cultures 48 
hours old were selected. These had been inoculated with small 
bits of agar growth so that there was no relationship between 
the amounts of inoculating material. The results shown in table 
II were obtained by using agar made according to the method 
recommended by the American Public Health association for 
milk analysis and an incubation of 48 hours at 37° C. 
TABLE II. TOTAL COUNTS ON CULTURES OF ORGANISM I AND OF 
ORGANISMS I AND II COMBINED. 
Material Examined. Total number of organisms per c.c. 
48 hr. culture of Organism II 375,000 ,000 
48 hr. culture of Organism II and 
Organism I combined 4,350,000,000 
The work was repeated, using comparative amounts of ma-
terial for inoculation after making a suspension of each organ-
ism in sterile distilled water. The results are presented in table 
III. 
T ABLE III. TOTAL COUNTS ON CULTURES OF ORGANISM II AND OF 
ORGANISMS I AND II COMBINED. 
Material Examined. Tota l number of organisms per c.c. 
48 hr. culture obtained by inoculating .5 c.c. 
of su spen sion of Organism II 
48 hr. culture obtained by inoculating 1.0 c.c. 
of s u spen s ion of Organism II 
48 hr. culture obtained by inoculating .5 c.c. 
of s u spen s ion of Organism II plus .5 c.c. of 





Table III shows that the culture obtained by inoculating 
both organisms gave much higher total counts than either of the 
cultures inoculated with Organism II alone. 
Two cultures of Strcptococcw:! lacticus (Bacterium lactis 
acidi) were isolated from two different starters and Organism I 
grown in combination with them in litmus milk. The double in-
oculation in both cases showed a reduction of the litmus through-
out, but sliminess was not produced in either case. It is evident. 
therefore, that not every strain of lactic acid organism is suited 
to the symbiotic production of ropy milk with Organism I. 
The effect of Organism I on the amount of acid developed 
by Organism II was also investigated. In the first trial, two bot-
tles of milk were both inoculated with one loop of a milk culture 
of Organism II and then to one ofL~e bottles a small amount of 
an agar growth of Organism I was aaded. The results obtained 
are given in table IV. 
T ABLE IV. PART I. EFFECT OF ORGANISM I ON AMOUNT OF ACID 
DEVELOPED BY ORGANISM II. 
Inoculating Material 
Organism II and Organism I I 
Organism II 
.ci di ty after 2 days at 
room temperature 
.66 per cent,· 
.74 per cent 
• Acidity calculated as lactic acid, 
!ACidity after 4 days at room tempera-
. ture 
.80 per cent 
.86 per cent 
The work was repeated, using 1 cc of a suspension of Organ-
ism II in each of four flasks of sterile milk and then adding Or-
ganism I to two of them, the object being to inoculate with com-
parative amounts of Organism II. The results are given in table 
IV, Part II. 
TABLE IV. PART II. 
Inoculating Material 
1 c.c. of suspension of Or-
ganism II & Organism I 
1 c.c. of suspension of Or-
ganism II 
c. c. of suspension of Or-
ganism II & Organism I 
1 c.c. of suspension of Or-
ganism II & Organism I I 











It was found that it was not necessary to inoculate a sample 
of milk with both organisms at once in order to secure the devel-
opment of sliminess. Two tubes of litmus milk were inoculated 
with Organism II and allowed to stand over night at room tem-
perature, when they were found to be reduced throughout. One 
of the tubes was then inoculated with Organism I. After 24 
hours it was found that the tube containing only Organism II 
was curdled and reduced with the exception of a red band at the 
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top, while the tube inoculated with Organism I, 24 hours after 
being inoculated with Organism II; was reduced throughout and 
slimy. Tubes inoculated with Organism I , allowed to stand for 
several days, and then inoculated with Organism II, also became 
slimy and were reduced throughout, although the sliminess was 
not so pronounced as in cases where both organisms were in-
oculated at once. 
TEMPERATURE IMPORTANT IN DEVELOPMENT OF SLIMI-
NESS. 
Tubes of litmus milk inoculated with both Organisms I and 
II and then incubated at 37° C. underwent exactly the same 
changes as tubes inoculated with Organism II alone. Repeated 
trials failed to give any other results, while the controls incu-
bated at room temperature always became slimy and were re-
duced throughout. It seems, then, that the temperature is very 
important in determining whether or not sliminess will be devel-
oped in tubes inoculated with the two organisms. The probabil-
ity is that at 37° C. Organism II grew so much more rapidly than 
at room temperature that Organism I failed to exert the same 
effect as at a lower temperature. 
Tubes inoculated with Organism I and allowed to stand one, 
two, three or four clays at incubator temperature before inoculat-
ing Organism II also failed to develop sliminess. They promptly 
developed an acid curd and a reduced area, except at the top. 
None of the bouillons inoculated with both organisms gave 
any sliminess. 
TABLE v. TOTAL COUNTS ON DEXTROSE BROTH CULTURES OF' 
ORGANISM II AND ORGANISMS I AND II COMBINED. 
Two day cultures: 
.5 C.c. both Organism I and Organism II 
.5 C.c. of Organism II only 
Three day cultures: 
.5 c.c. Organism I plus Organism II 
.5 c .c. Organism II only 






The work with Organism I has been continued under Case 
III and a discussion will be found there. 
CASE III. 
A starter, brought. to the college dairy department for scor-
ing, was found to have developed considerable sliminess. The 
odor and taste were very unclean and the acidity low. The ma-
terial was plated out on plain agar and after incubating the 
plates at room temperature for 24 hours, two colonies were inocu-
lated into tubes of sterile litmus milk. After standing over night 
at room temperature, one of these cultures, C 1, showed consid-
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erable sliminess, while the other did not show this condition in 
the slightest degree. Nine colonies were then picked from 48 
hour old plates-which apparently showed only one type of 
<lolony-and inoculated into tubes of sterile litmus milk; after 2.:1: 
hours only one of these cultures, C 2, showed a decided sliminess, 
while some others showed this condition to a slight degree. 
An effort was made to demonstrate capsules in C 1 and C 2, 
but without success, so that it appears that this sliminess is not 
the result of capsule formation. 
In the cultures of this series, there seemed to be a differ-
ence in the number of organisms present in microscopic prepar-
ations. Some of these showed considerable numbers of organ-
isms, both paired and in small groups, while others showed very 
few and those practically always in pairs. In none of the cu] 
tures was there the slightest tendency to chain formation. 
Plates were poured from three day old cultures of four of 
the organisms, two of which, C 1 and C 2, showed considerable 
sliminess, while the remaining two, C J and C A, apparently 
showed none. The mediur.l used was agar (A.P.H.A.) and the 
plates were incubated 48 h :mrs at 37° C. The results are given 
in table VI. 
TABLE VI. COUNTS OF NON-SLIMY AND SLIMY CULTURES. 
Culture. 
C J . not slimy 
C A, not slimy 
'C 1. s limy 
C 2. slimy 





Table VI shows that the slimy cultures contained somewhat 
larger numbers of organisms per c.c. than the cultures showing no 
sliminess, although the differences were not very pronounced. 
A number of cultures, some slimy and some not slimy, were 
run through the ordinary culture media and no difference in the 
·character could be detected, all showing the common character-
istics of the BactM'iu11t lactis acidi type. 
EFFECT OF ORGANISM I ON VARIOUS STARTER CULTURES. 
The effect of Organism I (see Case II) on the 11 different 
cultures isolated from this starter was then investigated. C 1 
and C 2 were first studied, double inoculations being made, for 
which Organism I was taken from an agar slope, while C 1 and 
C 2 came from milk cultures. 'With both C 1 and C 2 it was 
found that Organism I in 24 hours markedly increased the slimi-
ness, as shown by the length of the threads into which the ma-
terial could be drawn out by means of a platinum loop , and that 
the increase was even more apparent after 48 hours. The litmus 
was reduced throughout in tubes of litmus milk in which Organ-
ism I in combination with either C 1 or C 2 was growing, while 
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C 1 or C 2 alone gave a typical Bactel'iwn lactis acidi color reac-
tion. The other nine cultures were then inoculated into tubes of 
litmus milk in combination with Organism 1. In all cases the lit-
mus was reduced throughout in thc tubes receiving the double 
inoculations and with seven cultures the sliminess was very evi-
dent. In the two remaining cultures, C J and C A, the presencc 
of Organism I did not result in a slimy condition. It will be re-
membered that these nine cultures alone in litmus milk produced 
only a slight sliminess or none at all. 
With C J and C A the presence of Organism I seemed to delay 
the curdling quite markedly. Either of the lactic acid organisms 
alone curdled milk more rapidly than when Organism I was pres-
ent ,and in tubes receiving a double inoculation there remained a 
layer of uncurdled milk at the top even after four days. The ef-
fect of Organism I on the acid production of C J and C A, as well 
as of C 1 and C 2, is shown in table VII. 
TABLE VII. EFFECT OF ORGANISM I ON PRODUCTION OF LACTIC 
ACID IN MILK CULTURES. 
Inoculating Material. 
CJ 
C J and Organism I 
CA 
C A and Organism I 
C1 
C 1 and Organism I 
C2 
C 2 a nd Organism I 
Acidity after 2 days at 
room tempe rature 








I Acidity after 6 days I at room tempera-ture 









These results show that Organism I influences the acid pro-
duction of these lactic acid cultures in the same way that it in-
fluences the acid production of Organism II (Case II). 
Microscopic preparations stained with methylene blue re-
vealed the same condition of affairs in milk inoculated with 
Organism I in combination with these lactic acid cultures as was 
found in tubes inoeulated with Organism I in combination with 
Org'anism II (Case II). Organism I seemed to increase enor-
JliIlUsly the total number of organisms present in. milk as com-
JJared with milk containing pure cultures of the lactic acio organ-
Ism. 
Marshall and his associates at the Michigan ugricultural ex-
periment station have published a series of papers on " The 
Associative Action of Bacteria in the Souring of Milk." They 
concluded that" about 57 per cent of the associate micro-organ-
isms when grown in combination with the specific lactic micro-
organisms accelerate their powers and action," aJld the" asso-
ciate micro-organisms may influence lactic fermCl~tation by pro-
ducing ' off flavors,' and an unusually high degree of acidity. 
Even the character of the acid may be completely changed." 
229 
The results obtained in the work with Organism I in combina-
tion with the lactic acid organism show that associate micro-
organisms may playa part in causing or increasing the sliminess 
of milk in which the lactic acid organism is growing. 
In the work at the Iowa station the associate micro-organism, 
Organism I , has not had this influence on all of the cultures of 
Bacterium lactic acidi (Streptococcus lactic1(S) studied, but has 
influenced a number of cultures from two distinct sources As a 
result of the growth of the two organisms, the litmus was also 
found in a condition different from that found when either or-
ganism was grown alone. This was true in all cases where Organ-
ism I and ordinary lactic acid bacteria have been grown together, 
regardless of whether or not sliminess was produced. The slimi-
ness in the cases studied does not seem to be the result of capsule 
formation, as no capsules were ever found either in pure culture 
or in cultures containing the two organisms. There is, however, 
a much larger number of organisms in cultures containing the 
two organisms tha II in cultures of the lactic acid bacteria alone, 
as is evidenced by the appearance of stained preparations and by 
the results of counts by the plate method. Accordingly, it seems 
probable that this increased number of organisms is the result of 
the growth of the two organisms together as neither organism 
alone produces the marked sliminess observed in cultures con-
taining both organisms. 
CASE IV. 
A batch of milk which had been pasteurized and inoculated 
in the process of starter-making developed peculiar white areas 
on the surface instead of undergoing the usual acid formation. 
These patches of white when touched with a pencil adhered to 
it and could be drawn out into threads several feet long. Plain 
agar plates poured from this white viscous material developed 
principally large white colonies which could be drawn out into 
threads with a platinum needle, and in addition a number of 
colonies suggestive of Bacterium, lactis acidi. The large colonies, 
when inoculated into tubes of litmus milk, produced a slimy con-
dition on the surface of the milk, and accordingly were consid-
ered to be the organism causing the original trouble. This organ-
ism was encountered only once in the creamery, the starters that 
were subsequently developed being entirley satisfactory 
The inoculation of the organisms into flasks of sterile milk 
resulted in the formation of a white pellicle which could be 
drawn out into threads with a platinum loop. A microscopic 
examination showed that this pellicle contained enormous num-
bers of organisms, some of which seemed to be more or less 
clumped, while others were isolated. The milk beneath the 
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pellicle was also somewllat ropy, hut the ropiness was not so pro-
nounced as in the membrane. The microscopic examination of 
this milk also showed considerable numbers of organisms, mainly 
clumped, but by no means as many as in the preparations made 
from the pellicle. 
Preparations stained with Welch's stain showed that the 
organism produced capsules. It seems then that the pellicle was 
made up entirely of encapsulated organisms. There was no tend-
ency for this pellicle to sink, as is so frequently the case with 
pellicles developed by micro-organisms. 
The organism had the morphological and cultural charac-
ters of Bacteriurn lactis viscosurn and is described in detail in a 
Jater section of this paper under this name. 
CASE V. 
One of the tubes of litmus milk among a basketful that had 
been heated in the autoclave and allowed to stand for several 
days was found to have undergone a slimy fermentation A rod-
shaped organism was present, apparently in pure cultures. The 
old cultures of this organism were characterized by the digestion 
of the casein and by the sliminess of the residual material. The 
manner in which the organism was obtained shows, of course, 
that it is a spore former and quite resistant to heat. The organ-
ism does not develop an acidity in milk, but the casein is pre-
cipitated and later digested, the digestion beginning at the top of 
the tube. This organism is apparently new and is given the name 
of BacteritLrn peptogenes. It is described in a later section. 
CASE VI. 
During the progress of some work on high acid producing 
organisms, seven cultures of Bacterium bulgaricurn were ob-
tained from commercial and private laboratories in the United 
States. It is, of course, probable that some of these cultures 
came originally from the same source. In milk, all of the cul-
tures produced a slimy condition whether growth occurred at 
room temperature or at 37° C. In some cases sliminess was evi-
dent in litmus milk when acid formation (as judged by the color 
of the litmus) was still doubtful. As growth proceeded, however, 
the slimy condition became less pronounced and eventually dis-
appeared, although the time of disappearance was exceedingly 
difficult, if not impossible, of determination ·With quantities of 
milk in bottles the sliminess could be detected by pouring for 
longer periods of time than with milk in test tubes by the use of 
a platinum loop. The slimy condition seemed to persist longer 
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at lower temperatures than at 37° C. This made it seem probable 
that there was a relation between the acidity developed and the 
persistence of the sliminess, but no evidence, either proving or 
disproving this theory, could be obtained because of the impossi-
bility of measuring the degree of sliminess or determining with 
any exactness when the sliminess disappeared. 
The sliminess in a culture of Bacterium bulgaricum could 
be reduced greatly by shaking the fermented milk for a short 
time, after which it was no longer possible to pull the milk out 
into long threads. After decreasing the sliminess in a sample of 
milk in this way, there seemed to be little if any change in the 
length of the chains of organisms. The stained mounts made 
from the milk before shaking apparently. could not be distin-
guished from those made after shaking. . 
The growth of the organisms on the various agar media 
was exceptionally scanty. In no case did this growth show a 
viscid condition. 
White and Avery (1910), in their study of the Bulgariau 
type, found" nothing to suggest the presence of the formation of 
capsules." In the work carried on at the Iowa station labora-
tory, capsules were never demonstrated, although preparations 
were made at all stages of development up to a complete loss of 
sliminess. The organisms usually grow in chains and between 
the individual organisms in a chain there was evidently a ma-
terial that takes Welch's stain much as a capsule does. The 
chains were exceptionally long and in young cultures single or-
ganisms were seldom seen. It seemed probable that the material 
taking Welch 's stain held the organisms together. In older cul-
tures many more organisms were found isolated. In soine of the 
strains studied by White and A very there was a decided tend-
ency to filament formation. 
CASE VII. 
In the United States, within recent years, organisms have 
been found that apparently belong to the high acid type and are 
fiOl;;; ' or less closely related to BacteritLm bulgaricum. This is 
apparelltly the organism Heinemann and Hefferan deal with in 
their article, " A Study of Bulgaricus," and of which they say: 
, 'Some strains form sliminess in the milk, but this power is 
readily lost." A number of cultures studied by the authors of 
this bulletin (some of which were isolated ill' the Iowa station lab-
oratory and some of which were sent them by Prof . . Hastings of 
the University of Wisconsin) varied in this property, some pro-
ducing sliminess and others not . The sliminess was never as 
marked as it was with the Bacterium bulgaricum strain. The or-
ganism is much smaller than Bacte1'itLm bulgaricum and the 
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chains are shorter in young cultures. The sliminess disappeared 
on violent shaking as did the sliminess in cultures of Bacterittm 
bulgaricttm. The cultures showing sliminess persisten in this 
peculiarity whether grown at room temperature or at 37° C., 
and changes in temperature apparently had no effect on this 
property, except as they changed the rate of growth of the organ-
ism. Like the sliminess produced by Bacterium bulgaricum, the 
sliminess produced by this organism disappeared with the in-
crease in the age of the culture. 
Unlike Bacterium bnlgm'icton, however, this organism ap-
parently shows a capsule and the capsule is demonstrable in cul-
tures showing no sliminess, as well as in those showing this 
change. The size of the capsule, as nearly as could be determined 
aftel' the distortion incident to staining, was the same in both 
groups. The capsule did not take the stain as readily as does the 
capsule of certain other organisms, but the edge was so clearly 
defined that the question of an artefact seemed to be excluded. 
St.ains from slimy cultures, however, seemed to show larger num-
bers of organisms than stains from the cultures showing no slimi-
ness, so determinations of the number of organisms per c.c. were 
made by the plate method. The results are given in tables VIII 
and IX. 
TABLE VIII. BACTERIAL COUNT OF SLIMY AND NON-SLIMY 
CULTURES. 
The medium u sed was whey agar, incubation at 37 ° C. for 72 hours . 
3 day culture of X, s limy 
3 day culture of 96, not s limy 




T ABLE IX. BACTERIAL COUNTS OF SLIMY AND NON-SLIMY 
CULTURES. 
The medium was plain agar, incubation at 37 ° C. for 72 hours. 
2 day culture of F, slimy 
2 day culture of Y. not slimy 
Organisms per c .c . 
2,870,000,000 
2,090,000,000 
The cultures X and Y originally came from the same mother 
culture and accordingly should afford a very suggestive com-
parison. 
'Whether or not the differences in the numbers of organisms 
per c.c. in the slimy and non-slimy cultures is sufficient to ac-
count for the difference in consistency, it is, of course, impossible 
to determine with certainty. On a percentage basis, however , 
the differences are fairly large and agree very well with the dif-
ferences found between slimy and non-slimy cultures in Case III. 




A number of samples of ropy milk have been submitted from 
various parts of the state. From a large percentage of them 
Bacterittm lac tis viscosum has been isolated. 
CASE IX. 
Cultures of organisms labeled Bacillus lactis viscosus, or 
"slimy milk organism," were secured from various sources, prin-
cipally bacteriological laboratories. These organisms divided 
themselves into several groups. Their cultural characters, etc., 
are discussed in a later section under: 
Bacterium lac tis viscostt'ln, Bacterium paraviscosum, sp. 
nov., Bacterium healii, sp. nov., Bacilltts cornelli, sp. nov., Strep-
tOCOCCltS lacticus, val'. hollandicus. 
THEORIES REGARDING SLIME PRODUCTION IN MILl{ 
Composition and Characteristics of Slime . 
The slime and gummy materials developed by bacteria in 
milk may be divided into two groups: The true gums or gum-like 
substances and the mucins. The gums are polysacharids, the par-
ticular type of gum developed being dependent upon the organ-
ism present as well as upon the carbohydrate source. The mu-
cins are nitrogenous, mucus-like substances. 
GUMS AND GUM-LIKE MATERIALS. 
It is probable that most of the organisms producing slimy 
milk, at least those in which the sliminess or viscosity is due to 
any chemical substance, develop gums rather than mucins. The 
phenomenon of gum production is one that is very widespread 
among bacteria. Many organisms have been described which 
will produce gums in carbohydrate media of various kinds 
and some, -such as Streptococcus mesenteroides, sometimes cause 
considerable trouble in the manufacture of sugar, due to the de-
velopment of large quantities of gum in the syrup. These gums 
are of different types. Dextran has been described as a product 
of the growth of several organisms and when heated with acids, 
hydrolyzes to dextrose. Next most common have been the galac-
tans, which, when hydrolyzed, are converted into galactose. It is 
probable that the gums developed in milk are usually of this lat-
ter type. At least the work of Schmidt-Miilheim (1882) and 
Emmerling (1900 ) shows that for certain organisms this is the 
case. In some of the earlier literature the .statement is made, as, 
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for example, by Weigmann, that the gummy material produced 
is nitrogenous in nature. It is quite probable that this is an 
error due to the mechanical carrying down of casein or other 
nitrogenous compounds in the precipitation of the gum. Certain 
of the micrococci and bacilli producing slimy milk probably de-
velop no gums. 
MUCINS. 
A few bacteria have been described which undoubtedly pro-
duce sliminess in milk through the development of mucins. 
Mucins are converted upon heating with an acid into a portion 
which gives the reactions characteristic of proteins and other 
portions which reduce Fehling's solution. They therefore con-
sist of a combination of protein and carbohydrate radicals. 
These mucins are developed usually by organisms which bring 
about a very considerable change in the constitution of the milk 
itself, and particularly in the nitrogenous compounds. For the 
most part, these organisms are such as produce active proteolysis 
or digestion of milk. In most cases these organisms are either 
members of the hay bacillus group, the butyric acid group, 
staphylococcus group, or the group of Bacillns pyocyanens. 
Both the mucins and the gums may be precipitated from 
their solutions by the addition of alcohol. Upon dilution with 
water they may be redissolved. It is generally true that viscous, 
slimy or ropy milk either entirely loses this characteristic or 
loses it in large part when shaken or stirred rapidly for a time. 
Milk which is so viscous that it requires ten times as long to pass 
through a viscosimeter as does normal milk will practically lose 
its viscosity and pass through with the same rapidity as normal 
milk after being stirred rapidly for a fraction of a minute with 
an egg beater. This seems to be true, no matter whether the vis-
cosity is due to the presence of gums, mucins or to any of the 
other factors which are responsible for the viscosity of milk. 
ORIGIN OF GUMS AND SLIMES, AND THE ROPINESS OF 
"MILK. 
A number of theories have been advanced to account for the 
development of slimy milk since this characteristic was ascribed 
to the presence of micro-organisms. Among these may be noted 
that of the production of specific extracellular enzymes, the 
theory of the excretion of metabolic products, the solution of the 
outer walls or of capsules, the theory of numbers of organisms 
and the theory of chain formation. 
Theory of Extra-CellnZar Enzymes. 
Several authors have noted the possibility that the gum-like 
material produced by bacteria in the development of slimy milk 
might be formed from various constituents of the milk (probably 
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the milk sugar in most cases) by the action of spccific extra-
cellular enzymcs. This theory has been proposed several times 
to account for the formation of dextrans in certain alcoholic 
beverages, particularly in wine. 
Recently Olsen-Sopp (1912) noted the rapid development of 
viscosity as a result of the growth of certain organisms in carbo-
hydrate solutions which were perfectly clear. After being in-
oculated with a small amount of viscous material which was pres-
ent in the bottom of the tube containing the culture, the medium 
became viscous some time before any impairment in transparency 
or any clouding became visible. He concluded, therefore, that 
the organism growing in the bottom of the tube produced an 
enzyme which brought about the conversion of the carbohydrate 
present into a gum. It is probable that this explanation is not 
tenable. One of the writers has frequently noted the possibility 
of demonstrating Bacillus radicicola in solutions which were 
perfectly clear and which gave no evidence of growth other than 
slight sediment and some viscosity. At any rate, it may be as-
serted that up to the present time there has been no satisfactory 
evidence of the formation or the presence of any extra-cellular 
enzyme capable of bringing about this transformation. 
THEORY OF GUMS AND MUCINS AS EXCRETORY PRODUCTS 
OF METABOLIC ACTIVITY. 
Statements may be found in the literature dealing with slime 
and gum productionjn milk by bacteria to the effect that the 
slimes and gums formed may be the result of the excretion of 
certain products of metabolism of the celL If by this it is meant 
that it is probable that the gums or mucins diffuse through the 
cell wall from the living protoplasm of the cell, the contention is 
highly improbable. These gums and mucins are practically non-
diffusible. If, however, it is meant that they are formed as a re-
sult of the more or less complete solution of the outer walls or 
capsules of bacteria or other organisms, it is not improbable and 
constitutes another method of stating the next theory. 
THEORY OF SOLUTION OF OUTER CELL WALLS AND CAP-
SULES. 
While the statement is generally made that the cell walls of 
bacteria are usually made up of chitin or a chitin-like material, 
nevertheless many records can be found of organisms whose cell 
walls give typical cellulose reactions. A study of the morphology 
of many of these slime producing bacteria shows quite conclu-
sively that the stringiness or ropiness is due to the partial solu-
tion of capsular material forming a network of viscous fibers 
throughout the medium. 
Capsules may be demonstrated under the microscope in all 
stages of dissolution; in some cases with outlines well defined, in 
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other cases somewhat irregular and less definite, and in still 
others with the organisms imbedded in a more or less continuous 
or confluent, half-dissolved capsular substance. The microscopic 
and morphological evidence of such partial solution of capsules 
is practically conclusive. It has already been noted that this ma-
terial with some organisms is carbohydrate in character, in others 
it is mucin-like. In a certain measure, this probably corresponds 
with the composition of the cell walls and capsules of the organ-
isms themselves. Among the slimy milk organisms many have 
been described as producing capsules. (See descriptions which 
follow.) 
THEORY Gr' NUMBERS AND CHAIN FORMATION. 
On previous pages it has been noted that there seemed to be 
a very direct relationship existing between the numbers of cer-
tain kinds of organisms present in milk and the degree of vis-
cosity which is developed. In certain of these organisms no cap-
sules have been demonstrated. In other cases, very numerous 
long chains of organisms were found to be intermingled and in-
tertwined in the medium. It is entirely possible that the vis-
cosity in such cases may be due to the mechanical binding to-
gether of the milk by this network of threads. Several species of 
organisms are described on subsequent pages as probably capable 
of bringing about this change by such means. 
ASSOCIATIVE ACTION. 
Much work has been done upon the associative action of 
bacteria in producing various changes in milk, particularly in 
the development of acid. Marshall has found that certain organ-
isms when grown together in milk bring about changes, some-
times of a different kind entirely than could be brought about 
by either organism individually. Sometimes the action of one of 
the individual organisms would be intensified; for example, a 
mixture of two organisms growing in milk would in some cases 
lead to the development of a much higher percentage of lactic 
acid than would be produced by either organism working sep-
arately. This associative action has been noted in a preceding 
section as one factor in the development of slimy milk. In these 
cases it was found that the presence of a second organism of the 
right type would so stimulate the development of numbers of the 
one type as to make decided differences in the viscosity. It is 
probable that such symbiotic action between organisms is quite 
frequent in the causation of slimy or ropy milk in the dairy or 
in the creamery. 
It seents appa1'ent, theref01'e, that slimy and ropy milk may 
be dtte either to the development of slimes and gums, as a result 
of a more or less complete solution of capsules and outer cell 
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walls, 01' to the unusual pToliferation of bacteria, 01' to the p1'es-
ence of long, .tangled chains. JhtTthe1'mOTe, the slimy condition 
may be due to the associative· action of t'/,I)O 01' mOTe oTganisms. 
INFECTION WITH SLIMY MILl{ BACTERIA AND ITS 
CONTROL. 
It is probable that Bact. lac tis viscosum is most often the 
cause of outbreaks of ropy milk in Iowa. Other types of organ-
ims have been occasionally encountered, but it seems that from 
the standpoint of the producer Bact. lactis viscosmn is of by far 
the greater importance. 
This orgmiism was isolated by Adametz from water before 
its causal relationship to cases of ropy milk was recognized and 
it has frequently been found in water since the original isolation. 
Under ordinary conditions it is quite likely that surface water is 
a common source of this type. If an animal wades in infected 
water, the organisms may become lodged on the flanks or udder 
and then later get into the milk during milking. 
After the organism has once gained entrance to the milk 
there are certain ways in which it can live over from one milking 
until the next and thus the infection is commonly continued. The 
pails, cans, bottles and other utensils, unless boiled out or 
steamed, may harbor the organisms, small amounts of spilled milk 
may become dried and blown about, or the organism may succeed 
in growing in moist places in the stable or its surroundings. In 
one of the cases from which Bact. lac tis viscosum was isolated in 
this investigation, it seemed fairly certain that the milk was in-
fected from the air of the stable. Bact. lactis viscosum is capable 
of growth at comparatively low temperatures, but in this study 
it was found to cause more trouble in the warm summer months. 
This is probably because summer affords better opportunities for 
the infection of the milk with the organism; the numbers present 
in water are probably greater and the cows are more apt to wade 
in the streams and pools and thus contaminate their coats. 
The methods to be used in the eradication of trouble with 
ropy milk depend largely on the method of infection. This can 
he arrived at in a general way by taking samples in sterile bot-
tles (bottles that have been boiled will do) at various stages of 
the handling process and allowing them to stand at the usual 
temperatures. The temperature used is very important as 
changes which take place at one temperature may not occur at an-
other. One sample should be directly from the udder, another 
from the pail as soon as the milking is completed, another from 
the filled cans, and so on. If the first sample does not develop 
ropiness, while the second does, the pail should at once be sus-
pected, although the air may be responsible, since there is less op-
portunity for air contamination when the milk is drawn into the 
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bottle than when it is drawn into the pail. Air contamination 
can generally be proven by boiling a sample of milk to kill most 
of the contained organisms, then exposing it to the air and hold-
ing it under the customary conditions to see whether or not it de-
velops ropiness. A study with a series of samples will frequently 
give a good idea of the sources of the organism and make an at-
tempt to prevent the infection of the milk a more definite 
problem. 
If the utensils are found to be the source of contamination 
they must be thoroughly boiled or steamed out to kill the non-
spore forming organisms. If the surroundings are the cause of 
the contamination of the milk the stable must be cleaned up gen-
erally and probably disinfected. If the cows have access to sur-
face water they should be removed to other quarters or the wa-
ter areas should be fenced in. It is commonly difficult, however, 
to get rid of the trouble by attempting to exclude the organisms 
and under certain conditions the pasteurization of the freshly 
drawn milk offers a temporary solution. The contamination of 
the pasteurized milk must, of course, be guarded against. 
Conn, Esten and Stocking (1906 ) have pointed out that the 
organisms producing slimy milk "do not form a class by them-
selves, for this property of rendering milk slimy seems to be 
found widely scattered among the bacteria." This is further 
emphasized by the fact that Li:ihnis (1910) in a rather elaborate 
classification of the lactic acid bacteria finds that some represen-
tatives of everyone of his groups are capable of producing slimy 
milk. 
The bacteria which are found associated with slimy milk 
may be divided into two classes: Those which quite constantly 
bring about this condition, and those which bring about 
this condition only in exceptional cases. There seems to be a con-
siderable amount of evidence that many of the common lactic 
acid bacteria will, suddenly in some cases, slowly in others, ac-
quire the property of producing viscosity. 
SYSTEM OF NOMENCLATURE USED. 
A study of the descriptions of slimy milk bacteria which 
have been recorded by various authors and a comparison with the 
results secured in the laboratory reveal the fact that there is a 
great deal of confusion in the nomenclature of these organisms. 
The descriptions in many cases are wholly inadequate, sometimes 
so inadequate that the names must be regarded as nomina nuda; 
in other cases authors have failed to give to organisms which 
they have described any distinctive name, sometimes not even a 
letter or a number; in still other cases authors undoubtedly have 
named as new forms or species, bacteria which are identical 
with, or varieties of, organisms already described. This confu-
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sion in the literature has led the writers to believe that a resume 
of the organisms which have been described by various authors 
in addition to those described for the first time in these pages, 
may be helpful in clarifying this subject. 
Although there is no well defined system of nomenclature 
for bacteria and species designations are chaotic, nevertheless it 
seems advisable to be guided by certain fixed principles. As fal> 
as possible, the botanical code has been followed. As far as the na-
ture of the subjeet, the condition of the literature and the de-
scriptions of authors have permitted, the folowing scheme has 
been adhered. to : 
1. Generic names shall be those of 1I1igula's classification. 
The writers are fully aware of the difficulties which this in-
volves. They are of the opinion that flagellation is not a suitable 
character upon which to base generic descriptions. Such a grouping 
is unquestionably a distortion of true relationships. To place Bac-
terium lactis aerogenes and BacilhiS coli in separate genera, while 
Bacteriw'l! tuberc1tiosis and Bacterium lact is aerogenes are included 
in the same genus is manifestly absurd. The time is ripe for a 
serious attempt at the radical revision of bacterial g-enera. For the 
present purpose, however, the classification of Migula will be fol-
lowed. 
2. Binomial specific names a1'e 1lsed wherever possible. 
In many cases, names trinominal in form are really binominal i r1 
meaning . For example, Bacterinm acidi lactici (the " lactic acid bac-
terium") or Bacterilt11! lactis acidi, the "sour milk bacterium," would 
appear justifiable for the same reason that the botanist permits 
"Aster novae angliae," the "New England aster." Such reasoning-, 
however, does not apply to names such as Bacil/ns lac tis harrisonii, 
or Bacilhts mcsentericus vnlgal!ts. Whenever possible, such names 
are reduced to binomials. It is recognized that this does not meet 
the best judgment of many authors. For example, Conn, Esten and 
Stocking (1906, p. 191) state: "In our names we have in practic-
ally all cases used the wordlactis in the name. We are fully aware of 
the obj ections to using three names for a species, but in these cases 
the manifest advantage of indicating by the name the fact that the 
organisms are associated with acid found in milk products is so great 
that we regard it as sufficient to overcome the disadvantages. We 
have used this method in all cases except a few well known organ-
isms where it was manifestly unwise." It appears to the wnters 
that this reasoning is insufficient to justify the use of trinomials. 
The position that all bacteria that have been isolated from milk have 
milk as their normal habitat is scarcely defensible. It is, in fact, 
becoming increasingly apparent that many of the common milk bac-
teria are fecal in origin. It would indeed be unfortunate if the stu-
dent of mycology of the intestines or of the soi l should be prevented 
from using the same name for a particular organism as the student 
of milk bacteriology, or should be under the necessity of inserting 
fcwlis or some other term indicating origin in place of lactis. Liihhis 
(Vorlesungen uber landw. Bakt. 1913, p. 46) has attacked the prin-
ciple of indicating bacterial origin in generic designations. An ex-
tension of his logic would apply as well to specific place designations. 
"It is particularly ill advised to form new genus names in order to 
designate some peculiarity of the organism or place of origin. For 
example, there is a widely distributed organism (MicrococcHs pit1!ito-
pants) , which makes milk into which it is inoculated very slimy. 
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Because of the fact that it was found on straw, it was given the 
generic designation of J( arphacacnls. Since the organism occurs 
also in the air, in manure, and in the earth, strict adherence to this 
principle would give as a complete name "Karphakaprageaeracocnls 
pituita pants." This method also leads to confusion since the tri-
nomial is used by some authors to indicate varietal distinctions. 
3. Wherever possible the fi10st name given is ~tsedo 
In some cases, an earlier name has been reduced to a snyonym 
of a later name because the inadequate description first given simply 
indicates probable relationships, but makes certainty of position im-
possible. 
4. Many of the slimy milk bacteria are simply varieties or races 
of well known common bacterial species . In s~tch cases they 
are given under the species name as a variety. 
DESCRIPTIONS OF SLIMY MILI( BACTERIA. 
In the descriptions of the individual organisms, synonymy 
has been determined as far as practicable. There are valid rea-
sons for differences of opinion concerning the synonymy of these 
forms in some cases. In many instances, determination of syn-
onymy would necessitate a review of all literature on all lactic 
acid organisms. This has been impracticable. 
The following is an analytical key to the better described 
and recognizable slimy and ropy milk bacteria. It should be 
noted that in addition to the forms described below, a consider-
able number of species or organisms producing disease in man or 
animals have been described which produce slimy milk, or may 
gradually develop the ability to make milk slimy. Among these 
are certain of the pathogenic streptococci and the Bacterium 
pneumonicnm and Bacillns ozaenae. Inasmuch as these have not 
been described as associated with slimy milk or isolated primarily 
from milk, they are not included in this discussion. 
The same may be said for non-pathogenic organisms de-
scribed from sources other than milk, such as the Micrococcus 
gnmnwsus, Micro coccns 1nncilagineus and BactMoiu1n gracillim~tm 
of Weiss (1902). 
I{EY TO SPECIES OF ROPY AND SLIMY MILI{ BACTERIA. 
(Including only forms sufficiently well described so that they may be identified with a fair deegree of ac-
curacy.) 
A. Bacilli. Organisms definitely rod shaped and long enough not to be confused 
readily with cocci. 
1. Spores not produced 
a. Cells (at least in young cultures) Gram positive. 
(1) Chromogenic on sugar media 1. Bacterinrn visco-fnca-
(2) Non-chromogenic on sugar media 
(a) Growth in agar good 
tnrn 
1. Agar streak filiform, viscous 2. Bacteritun albtun 
2. Agar streak arborescent, non-viscous 
Chains and filaments common 3. Bacterinrn healii 
(b) Growth in agar poor 
1. Colonies in agar more or less floccose 
a. Young cells, gram positive; old cells, gram negative. 4. Bacter'inrn bnlgari-
cnrn 
b. Both young and old cells, Gram positive. Chains and 
filaments not common 
. 2. Colonies in agar with smooth edges 
b. Cells Gram negative 
(1) Chromogenic in milk 
(a) Producing red pigment 
1. Pigment production in milk increased by addition of dex-
trose. Acid produced 
5. Bacteriurn casei 






2. Pigment production in milk nJt increased by additio:l of 
dextrose. No acid produced 
(b) Producing yellow pigment 
1. Liquefaction of gelatin slow and incomplete 
2. Liquefaction of gelatin rapid and complete 
Not chromogenic in milk 
(a) Gelatin not liquefied 
1. Gas not produced from carbohydrates 
a. Coagulating milk 
1. Growth in agar poor 
2. Growth on agar good 
b. Not coagulating milk 
1. Producing slime only in symbiosis with another or-
ganism 
2. Producing slime independently of othel' organisms 
8. Bacillus droserae 
9. Bacilltts harrisonii 
10. Bacilltts synxanth·us 





a. producing no acid in litmus milk 14. BactC1'iwn lactis vis-
cosum 
b. Producing some acid in litmus milk 
1. Cells not breakinginto segments, always rela-
tively long rods 15. Bacterium paravisco-
2. Cells relatively short and breaking into coc-
cus-like segments 
2. Gas produced from carbohydrates 
~ b) Gelatin liquefied 
sum 
16. BactC1'ium lactis pit-
uitosi 




1. Liquefaction very slow and incomplete 
2. Liquefaction relatively rapid 
a. Non-motile 
b. Actively motile 
.) Spores present: 
a. Aerobic or facultative 
(1) Non-motile. Milk not coagulated; peptonized rapidly 
(2) Actively motile 
b. Anaerobic 
(1) Producing gas in milk 
(2) Producing no gas in milk 
B. Cocci (including some coccus-like bacilli of certain authors) 
1. Not liquefying gelatin (including possibly some coccus-like bacilli) 
a. Developing firm zooglocal masses, colonies firm 
b. Not developing zoological masses 
(1) Producing acid in milk 
(a) Pathogenic In milk usually originating from mastitis 
(b) Not pathogenic 
1. Gram positive 
2. Gram negative 
(2) Producing no acid in milk 
(a) Producing pink pigment 
18. Bacterium cartilagin-
eum 
19. Bacterittm marshallii 
20. Bacillus hessii 
21 Bacterium peptogenes 
22. Bacillus (mesente1'1~­
cus) vulgatus 
23. Bacillus kleinii 
24. Bacillus pruchii 












(b) Not producing pink pigment in m]k 
1. Gram positive 
2. Gram negative 
2. Liquefying gelatin, usually peptonizing milk. 
a. Liquefaction of gelatin very slow, only after twenty-five days 
30. Micl'ococcns viscosns 
31. MicrocOCC1[S pitnito-
par'ns 
32. M icrOCOCC1[S rnncofa-
ciens 
b. Liquefaction of gelatin rapid 33. MicrocOCC1[S freuden-
r'eichii . 
Following is a key to the different types of ropy milk bacteria based on the changes produced by them 
in mille As will be noted, some organisms produce changes so essentially similar in appearance that it is 
impracticable to differentiate them by their growth in this medium alone. 
Golding (1912) divided ropy milk bacteria into two distinct groups. Group I he defined to include all 
organisms which possess the property "of dissolving the casein curd of the milk, a thick, honey-like solu-
tion being produced when the organism is grown for some time in sterilized milk." His Group II in-
cludes those" organisms which do not dissolve the casein, but precipitate it by means of the acid they 
produce." This author did not deal with all the ropy milk organisms that had been described. His classi-
fication is therefore incomplete. The following key is an elaboration, of this idea. 
l{EY TO SLIMY MILl{ ORGANISMS BASED ON CHANGES PRODUCED IN "A!f.ILI1.. 
1. Producing no color (pigment) in milk 
1. Producing gas in milk 
a. Producing odor of butyric acid 23. Bacillus kleinii 
b. Producing no odor of butyric acid 17. Bacterinm aerogenes 
2. Producing no gas in milk 
a. Digesting milk 




(a) Milk slimy before digestion 
(b) Milk not slimy before digestion 
(2) Not producing acid curd 
(a) Cream layer only viscous 
(b) Milk below cream layer viscous 
1. Milk viscous, then digested 
a. Coagulated, then digested 
h. Digested without coagulatioll 
1. Digestion rapid 
2. Digestion slow 
2. Milk digestion, then whey viscous 
a. First coagulated 
b. Digested without coagulation 
b. Not digesting milk 
(1) Producing acid in milk 
(a) Coagulating milk 
1. Viscosity usually observed only in pure cultures 
2. Viscosity observed in natural outbreaks of viscous milk 
a. Noted only from whey 
b. Noted from milk 
1. From Swedish lOPY milk 
2. From mastitis milk 
33. Micrococcus freuden-
reichii 
24. Bacilltts pruchii 
22. Bacillus vUlgattts 
3. Bacterium healii 
21 Bacterium peptogenes 
32 .. Micrococcus mucofa-
ciens 
2. Bacteriton album 
19. Bacterium marshallii 
4. Bacterium bulgari-
cum and 
5. Bacterium casei 
6. Bacterium surgeri 
25. Streptococcus taette 




c. From market milk 
(b) Not coagulating milk 
(2) Not pToducing acid in milk 
(a) Viscosity produced only in symbiosis 
(b) Viscosity produced with out sym biosis 
]. Milk becomes cartilaginous 
2. Milk becomes viscous simply 
11. Producing color (pigment) in milk 
1. Bluish green only in milk kept at room tempe 'atures 
2. Pink or red 
a. Sediment only somewhat pinkish 
11. Bacterium, lac tis acidi 
12. Bacte1·inm visco-coc-
coidium 
20. Bacillus hessii 












14. Bacterium lactis vis-
COStlm 




29. M icrocOCCtls 1·osaccu's 
.:: /) , Kntire mass becomes rose colored 
:1. Yellow or orange 
a. Curdled and curd digested 
b. Not curdled or digested 
7. Bacillus lacto-rubefa . 
ciens 
8. Bacillus droserae 
10. Bacilus synxanthus 





1. BACTERIUM VISCO-FUCA TUM-Harrison and Barlow. 
BIBLIOGRAPHY-Harrison and Barlow (1905), Conn, Esten and Stock-
ing (1906); Golding (1912). 
SYNONYMS-This form is apparently distinct, and has evidently been 
described but the once. 
ORIGIN-Sample of oily butter. Bacterium visco-fttcatum not responsible 
for oiliness 
HISTORY-No isolation recorded from milk, probably not, therefore, of 
economic importance as a producer of slimy milk. Descriptions are 
from Harrison and Barlow. . 
MORPHOLOGY. 
Shape-Rods .6-.9 by 1-I.8,u, straight or sometimes curved or bent. 
Frequently tapering at one or both ends. Elongate, branched and 
cuneate forms common. 
Grouping--Single or in pairs, rarely chains of 3-5 elements. 
Capsttles-Present in a ll slimy media. Demonstrated by Welch's stain. 
Golding (1912) ascribes the sliminess to the swollen capsules. 
M otility-N on-motile. 
Spores-None. 
Staining-Stains well with common aniline dyes. Gram positive. Loeff-
ler's alkaline methylene blue shows banded protoplasm or irregular 
staining, with metachromatic granules. 
CUL TURAL CHARACTERS. 
Gelatin Plates-At 20° C. Colonies I mm. in diameter. Gelatin lique-
fied. Slimy. Yellowish green. Crystals in the gelatin. 
Agar-Growth rapid, abundant. 
Loeffler's Blood Sentm-37° C. Raised. Slimy, yellowish white. No 
liquefaction. 
Gelatin Stab-Liquefies in ten days. Complete in two months. Crateri-
form. Liquid is dark and inky above and rusty below. 
Bouillon-Turbidity and ropy white sediment. Not favorable for pig-
ment production even with sugar. Always alkaline. 
Dunham's Solution-Slight turbidity, increasing with ropy sediment in 
two days. Faint greenish blue 5-9 days. At last so slimy as to draw out 
into threads. 
Milk-At room temperature, 6-7 days, peptonized, in 9 days no curd even 
on boiling. Acid. Acidity 35° . Milk pigmented. At 37°, slimy, 
curd separated in two days and no pigment. No gas formed. 
Whey-With and without peptone. Growth abundant, with slime pro-
duction. 
Potato-Growth good with pigment production. Slime. Potato at first 
light blue, then amber colored. 
Fermi's, Conn's and Uschinsky's media-Growth occurs in all. 
CHROMOGENESIS. 
Gelatin containing dextrose, sucrose, maltose and mannite-blue or vio· 
let; containing galactose, dextrose, starch and no carbohydrate, green-
ish. 
PHYSIOLOGICAL CHARACTERS. 
Oxygen-No growth in pure hydrogen. Some growth, but no pigment 
production in tubes sealed with wax. Aerobic. 
Gas-None with maltose, sucrose or lactose. 
Desiccation-One culture lived 38 days dried on a cover slip. 
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~. BACTERIUM ALBUM-Conn, Esten and Stocking. 
BIBLIOGRAPHY. 
Conn, Esten and Stocking (1906). 
SYNONYMS. 
Bacteri~,m lac tis album. Conn, Esten and Stocking. 
HISTORY. 
Found in udder of cow at Storrs, Connecticut. Conn states that it may 
be the same as Bacterimn lactic:tm without pigment. 
MORPHOLOGY. 
Shape-Rods. Size 1P. to 3P. by .7P. to .9P.. 
Grouping-Single No chains are formed. 
Capsules-None. 
M otility-N on-motile. 
Spores-None. 
Stains--Gram positive. 
CUL TURAL CHARACTERS. 
Gelatin Plate-A very slow liquefying colony, not characteristic, some·· 
times the gelatin dries before the liquefaction takes place. 
Potato-A very abundant, spreading, convex, smooth, brown growth; 
potato discolored. 
Gelatin Stab- Begins to liquefy in three days, and is about lh liquefied 
in twenty-one days. N api form and stratiform. 
Agar Streak- Filiform, raised, smooth, opaque, cream white, shining, 
luxuriant, viscous. 
Bonil/on-A sediment, turbidity and pellicle. 
Milk-Becomes alkaline, is curdled or sometimes digested without curd-
ling. The digested milk is very slimy and of a light straw color (in 
one culture, pink) . 
PHYSIOLOGICAL CHARACTERS. 
Oxygen- -Aerobic. 
Temperatnres-Grows abundantly at 20° and at 37° C. 
Sugars-N 0 acidity, gas or closed arm growth. 
3. BACTERIUM HEALlI, sp. nov. 
HISTORY. 
One culture of this organism was secured from Dr. Healy of Kentucky. 
He reported this to be the cause of bitter and slimy milk. Another 
culture was secured from Esten. 
MORPHOLOGY. 
Shape and Size-Rod shaped. Organisms from 2.2 to 12.9P. long and 
from .5 to .7P. wide. 
Grouping-Short chains are common. 
Capsules-We have been unable to demonstrate capsules. 
M otilitv-N one observed. 
Spore~No spores observed and milk cultures (of different ages) 
failed to resist So° C. for either 5 or 10 minutes. 
Stains-Stains readily with the ordinary stains. Gram positive. 
CUL TURAL CHARACTERS. 
Agar Plates-Colonies rhizoid and large, white. 
Potato-Heavy white, shiny, non-viscous growth. 
Gelatin Stab-Heavy growth at the surface with stratiform liquefaction 
beginning here. Along the line of inoculation there is a villous to 
250 
arborescent growth. 
Agar Stab-Heavy white, brittle surface growth. The growth along the 
line of inoculation is villous to arborescent. 
Agar Streak-Typical arborescent growth in 24 hours at room tempera-
ture. Increased growth tends to obscure this appearance. Growth is 
white and hard, with no tendency to ' stringiness. 
BOltillon-In bouillons there is a marked tendency to pellicle formation. 
The pellicle, however, readily sinks either whole or in part. No tur-
bidity observed. 
Mill~-Soon after inoculation, with no visible change, there is a slight 
sliminess in the milk. Within two or three days at room temperature, 
however, there is coagulation and beginning digestion. 
Uschinsky's Solution-Slight flocculent growth in the bottom of the tube. 
Dunham's Soltttion-Tcndency to form a pellicle which sinks either 
wholly or in nart. 
PHYSIOLOGICAL CHARACTERS. 
Oxygen-N 0 growth in closed arm of fermentation tube. Aerobic. 
Acid PI'oduction-The following table shows the change 111 reaction in 
bouillons (originally practically neutral) containing various materials. 
The results are expressed as the number of c.c. of n-20 N aOH re-
quired for 5 C.c. of bouillon. 





Dextrose 2.0 1.8 
Levulose 1.9 2.0 
Mannit Alk 
·3 
Maltose 2.0 2.2 
Lactose 
·3 ·3 
Sucrose 1.8 1.8 
Raffinose Alk 
·3 
Salicin 1.6 2.0 
Inulin 
·3 .6 
Starch 1.6 1.4 
Milk inoculated and held four davs at room temperature showed an 
acidiy of .18 per cent, .calculated as lactic acid, with both Healy 
and Esten strains. Held four days at incubator temperature, the acidity 
was .22 (calculated as lactic acid) in each case, 
Gas Prodltction-N one observed in Plain, Glycerine, Dextrose, Levu-
lose, Mannit, Maltose, Lactose, Sucrose, Raffinose, Salicin; Inulin or 
Starch bouillon. 
Indol-None observed. 
4, BACTERIUlJI BULGARICUM.-'i' 
BIBLIOGRAPHY. ; ,;" , . 
Slimy varieties only included ·t' Bey~rinck; Leichmann (1894); B,urri 
and Thiini (1909); SeweriQ.., (19PS) ; Allemann (1909)9; White and 
Avery (1910) ; Gorini (I913) . . .. 
SYNONYMS. 
Bacillus bltlgariws. 
Lactobacillus caHcasicus, Beyerinck. ' ;, ... , ., . " .. ,' 
Slimy varieties of Bacillus lactis acidi, Leidgnailn, (1894). 
This is not the same organism that' ...v~~;' des¢ribed unde.r the same 
. name in 1896. (See Lehman'n an4 N f,\ini:;;il\) ' . 
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Bacillus callcasiws v. Freudenreich (1897). (See Lehmann and Neu-
mann. 
Bacterillm casei. Alleman (according to Liihnis), Burri and Thiini 
(1909) . 
Bacililis lebenis. 
Streptobacillus lebenis, Sewerin, slimy strains, 1909. Slimy varieties of 
Jaurt bacillus. Sewerin, 1909. 
Bacillus casei filans, Gorini (1913). 
The synonymy of this group is in great confusion. To straighten out 
relationships and synonymy would lead too far afield. The name, 
Bacterium bulgaricmn, the form most commonly used, is here adopted. 
This group of organisms is in real need of an adequate revision. 
Sewerin believes Streptobacililis lebenis has priority. If the Lacto-
bacillus caacasicus of Beyerinck is identical, this name should have 
priority. 
ORIGIN. 
Various outbreaks and samples of slimy milk, from cheese, milk bever-
ages, etc. 
HISTORICAL. 
Beyerinck (1889) noted the occasional acquirement by his Lactobacillus 
cattcaSiCltS of the ability to produce some viscosity. This character, 
however, he found to be relatively evanescent. Leichmann (1894) iso-
lated a slimy strain from milk tubes held for a time at So· C. Whether 
he was dealing with an organism belonging to this group or to that of 
Bacterium lactis acidi is questionable. Burri and Thoni (1909) ob-
served that there was no specific difference between normal cheese 
bacteria and the slimy forms. They found that by cultivation, Bacillus 
casei e. normaJly not producing slime could be transformed into a 
slimy variety. The differential characters they ascribe to B. casei e. 
are scarcely sufficient to differentiate it from Bact. caucasiotm. Alle-
mann (1909) studied the slime producing power of Bacterimll casei e. 
Sewerin (I909) studied the Streptobacilus lebenis and organisms iso-
lated from Bulgarian soured milk. He found these organisms to be 
identical. In both cases he found that cultures would suddenly acquire 
and as suddenly lose the property of making milk slimy. Efforts to 
transform one type into the other by growth upon agar and in Co-
hendy bouillon were failures. He states that there is no previous 
record of this organism producing slimy milk. White and Avery 
(19IO) noted two strains of Bacilllts bulgariclts that produced slimy 
milk (among the sixteen strains studied). This character was repeat-
edly lost and regained. Golding (1912) found that Bacililis lebenis 
grown in whey constantly tends to make the medium ropy. Gorini 
(1913) described cultures isolated ten years before from cheese. He 
found the sliminess developed to be only transitory. We have studied 
cultures of this organism secured from a considerable number of 
sources, as noted previously. 
MORPHOLOGY. 
Shape-(Leichmann) Rod, with rounded ends. (Lehmann and Neu-
mann) rods 5 to 6tJ.X1tJ.. Often- small, clear, globular swellings at 
ends (not spores). (White and Avery) Great variability, length 2 to 
5tJ. or more. Breadth, about 1tJ.. (Gorini) Bacilli with rounded ends, 
(8x7 to 9tJ.) . Our O\\ln cultures show great variations in length. 
Groltping-(Leichmann) Usually single. (Gorini) Often in pairs, some-
times long filaments . (White and Avery) Chain formation marked in 
some strains. Long, slender forms in old milk cultures. Our own 
cultures show pairs and chains to be most common. 
Capsules-(Leichmann) Present in milk and water of condensation of 
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agar slopes. We have been unable to demonstrate capsules. The in-
ter-cellular material uniting the cells of a chain together stains like 
capsular material, but there is no evidence that it extends around the 
cell. 
101 otility-N on-motile. 
Spores-None. 
Staittittg-(Leichmann) Readily with aniline dyes, but recorded as gram 
negative. Inasmuch as many members of this group are gram nega-
tive in culture after only a few days or less, it is probable that this is 
not a sufficient differential characteristic to justify separation. Our own 
cultures are gram positive when young, either gram positive or gram 
negative when older and finally entirely gram negative. (Gorini) 
Readily stained. Gram positive. Often shows granulations in the end 
of the cells (White and Avery) Viable bacteria, gram positive, dead 
and involution forms, gram negative. 
CUL TURAL CHARACTERS. Grown with difficulty on solid media. 
Gelatin Plates--Leichmann) Never show microscopic colonies. (Leh-
mann and Neumann) Poorly or not at all when fresh, but old cultures 
grow well. (White and Avery) Not liquefied. 
Agar Plates-(Leichmann) Twelve hours 37° to 40° C, small, pale, 
round, with fine root-like projections running out into the medium. 
The surface portion of the colonies shows a very regular mosaic-like 
arrangement of the rods. Surface colonies may be drawn into threads, 
but sliminess soon disappears. On longer incubation, the root-like 
projections do not continue to increase. Deep colonies elliptical, dark, 
opaque. (Gorini) Two per cent lactose agar at 40° to 48° C, twenty-
four to forty-eight hours, grow in lower layers as rounded yellow 
colonies, diameter two to three mm. Some colonies smooth, but fre-
quently like wool flecks ,which are quite characteristic. Not all colo-
nies prove equally viscous. (Lehmann and Neumann) Milk agar. 
Whitish gray, flat colonies with somewhat jagged border, due to out-
turned proj ections of individual bacteria. (Sewerin) Grows at .10° 
(not always). Grows better on whey agar and bean decoction plus 
four per cent cane sugar. Best on Cohendy agar. (White and Avery) 
On whey agar, colonies are round to irregular, greyish white, 0.5 to 
1.6 mm. in diameter. Curled, filamentous structure, periphery mostly 
filamentous, often streaming, in a few cases smooth and even. Our 
own cultures agree well with the descriptions of White and Avery. It 
is evident from the descriptions that not all workers have been deal-
ing with the same organism. 
Gelatin Stl'eal~- (Leichmann) 20 to 24°. Not unlike growth on agar. 
Sugar gelatin gives better growth, with microscopic root-like growth. 
Gelatin not liquefied. 
Gelatin Stab-(Sewerin) Does not grow even when sugar is added. 
(White and Avery) No surface growth. Filiform, beaded, later hori-
zontal ramifications. 
Agar Stab-(Leichmann) At 37° growth along entire stab, isolated colo-
nies which grow together, and on surface a very hard growth evident. 
Our cultures ramify. They may best be described as villous. 
Potato-(Leichmann) At 37° growth so delicate as not to be visible, but 
present. (Sewerin). (White and Avery). No growth. 
Mlik-(Leichmann) At room temperature, very slow increase in acidity, 
but no visible change. At 37° acid and sliminess in 12 hours. Casein 
coagulated, slight separation or whey, which remains slimy for a time 
and then loses this characteristic. 45 ° to 50° C, fermentation in 6 to 
8 hours. (Gorini) At 42° to 45° 6 to 7 hours, slightly viscous, 9 to 10 
hours, coagulated. Finally reaches acidity of 18° to 22° Soxhlet. At 
first coagulation soft and viscous, later hard and non-viscous. White 
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and Avery) No poptonization of the curd. Coagulated 8 to 18 hours 
at 44°. Best medium for growth. Most rapid coagulation at 44°. 
(Golding) Whey constantly becomes ropy. The ropiness is quite per-
sistent. Acid is formed in considerable quantities. 
Bouillon-(Leichmann) Slight turbidity. With 3 per cent sugar, strong 
turbidity, acid, but not slimy. With 5 per cent peptone + 3 per cent 
sugar gave heavy turbidity ,sliminess and acid. (Sewerin) Good 
growth in Cohendy bouillon. Does not grow in ordinary broth. We 
had no appreciable growth in beef extract bouillon, but did in beef 
infusion bouillon in the presence of certain sugars. 
PHYSIOLOGICAL CHARACTERS. 
Oxygen-(Leichmann) and (Gorini) Facultative aerobe. (White and 
Avery) Equally weir aerobically and anaerobically. 
Gas-(Gorini) None. 
Acid-(White and Avery) Inactive or low rotary. Small quantity of 
volati le acid produced in milk. 
Temperatures-(Leichmann) Growth very slow at room temperature and 
soon stops. Optimum between 45° and 50° C. (Gorini) Optimum 
42° to 45 ° C. Growth very slow under 30° C. ( Sewerin) Dies rela-
tively quickly at thermostat temperatures, but will live longer at room 
temperatures. (White and Avery) Optimum 44° to 45 °. Fair growth 
at 30°. Slight at 25°. 
Thermal Death Point-(Leichmann) 70° for 2 hours, in milk. 
5. BAOTERIUM OASEI. 
BIBLIOGRAPHY. 
Hastings, Evans and Hart ( 1912) ; Evans, Hastings and Hart (1914) . 
Hastings and Hammer (1909); Heinemann and Hefferan (19C9); 
Stevenson (19II). 
SYNONYMS. 
The Bacillus bulgariws 'of some authors, Heinemann. 
HISTORY. 
This organism was first isolated in the United States by Hastings (1908). 
A little later what is probably the same organism was isolated by 
Heinemann and Hefferan. The principal work on this organism in 
the United States has been done at the Wisconsin agricultural experi-
ment station, where its importance in the ripening of cheese is being 
studied from a chemical as well as a bacteriological standpoint. It 
has been repeatedly isolated in the authors' laboratories. 
MORPHOLOGY. 
Shape-Rod. Width from A to 1.3,u. (H.E. and H.) Length I to 3,u, 
.3 to .5,u wide (H. and H.). 
Grouping-Usually single, rarely in short chains. Filaments, some of 
which are exceptionally long (960,u noted by H. E. and H.) are 
sometimes observed. 
Capst{les-Present. 
M otility-N one. 
Spores-None. 
Stains-Stains well, all cells, both old and young, quite uniformly gram 
positive . Methylene blue frequently shows granules iu organisms, 
,particularly those in filaments. 
CUL TURi\L CHARACTERS. 
Agar P lates-Colonies on agar small, f requently evident in twenty-four 
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hours at 37° C. and always by forty-eight hours. Irregular, though 
scarcely floccose. 
Potato-Growth ordinarily not evident. 
Gelatin Stab-Growth fair in amount in general, no liquefaction, prac-
tical1y no surface growth. 
Agar Streak-Growth smal1 in amount, edge uneven . Growth probably 
increased in the presence of lactose. 
Agar Stab-Growth beaded and fairly heavy after several days. Very 
little surface growth. 
Bouillon-Usual1y turbidity and later sediment. Growth fairly heavy, 
but no pel1ic1e. 
Milk-Litmus milk much like Bacterium lactis acidi, but some strains 
coagulate only slowly. H . E . and H . );eport smal1 amount of gas for-
mation in milk as common. We have observed this, but do not believe 
it is constant with a culture. 
The development of viscosity seems to be variable and occurs with 
certain cultures at both 37° C. and at room temperatures. The ropiness 
decreases in old cultures. Sometimes the cultures held at room tem-
perature are ropy before there is any appreciable development of acid. 
PHYSIOLOGICAL CHARACTERS. 
Oxygen-Facultative aerobe. 
Temperature-Growth has been noted at 50° C. Optimum probably be-
tween 40° and 50° C. Growth occurs at ordinary temperature. ' 
Sltgars-Action on sugars, etc., variable. No gas formation, but acid 
production varies with different cultures. Galactose, dextrose, levu-
lose, lactose, maltose, sucrose, and salicin are among those most com-
monly attacked. 
BAOTERIUM SURGERI-Dornic and Dai1'e. 
BIBLIOGRAPHY. 
Dornic, P, and Daire, P (1907). 
SYNONYMS. 
Evidently closely related to the group Bacterium bulgaricum. 
Bacillus sltrgeri, Dornic and, Daire. 
HISTORY. 
Found in the serum produced in the manufacture of casein after pre-
cipi tation and heating at 65° C. This liquid was al10wed to ferment 
spontaneously. Viscosity developed at 30° in 24 hours. 
MORPHOLOGY. 
Shape-Rod shaped and filamentous. 
Size-Variable, 2.71'- to 13.51'- in length. Diameter, .61'- to .71'-. In the 
presence of peptone, length 5 to 101'-, with long cel1s segmented. 
M 0 tility-Non-motile. 
S pores-N one. 
Stains-Gram positive. Metachromatic granules marked in some bacilli. 
CUL TURAL CHARACTERS. 
Gelatin Plates-Not attempted. Minimum growth temperature too high 
for gelatin. 
Agar Plates-(Peptonized milk serum agar) Very slow growth, espe-
cial1y in ,the presence of air at 30° or even at 35° C. In vacuum or C02 
(but not in air) the small round colonies, at first transparent, assume 
a milky appearance in the course of 3 or 4 days. Growth slower in 
presence of air. 




Agar Stab-Growth hest at bottom of stab". 
B01tilion-Not suitahle medium, grows very slowly after 48 hours. Addi-
tion of lactose makes medium more suitahle 
Mil/I-Coagulates in 50 hours at 32° when access of air is prevented. 
In Erlenmeyer flask, coagulation in 48 hours . Solid .curd, no gas 
hubbIes. Viscosity evident, especially in depths. Though viscosity is 
marked, material can never be drawn out in long threads. Lactic and 
a little volatile acid formed. The following results were secured by 
Dornic and Daire: 
After 40 hrs. After4 days 
at 30 ° at 30 ° 
Grams lactic acid per liter of milk in closed flasks .... . . 13.8 18.4 
Grams volatile acid per liter of milk in closed fla sks. . .. .863 .944 
Grams lacti cacid per lite r of milk in open flask ......... 10.5 
The viscous material reduces Fehling's solution. When precipitated 
by alcohol and dried, it appears brown and horny. It is soluble III 
water. 
The viscosity disappears upon boiling and reappears upon cooking. 
PHYSIOLOGICAL CHARACTERS. 
Oxygen-Facultative aerobe. 
Temperatllre-Very slow development at 20° C. Optimum temperature 
for viscosity formation 30° to 35°. Thermal death point high. Re-
sists heating to 8So C. for five minutes. Not killed during pasteur-
ization. 
Nitrates-Reduced to Nitrites. 
7. BACILLUS LACTO-RUBEF ACIENS-Gruber. 
BIBLIOGRAPHY. 
Gruber (1902); Conn, Esten and Stocking (1906); Troili-Petersson 
(1913)· 
SYNONYMS. 
This organism stands very close to the organism next to be discussed, 
Bacterium droserae. 
HISTORY. 
Isolated by Gruber and studied in Weigmann's laboratory at Kiel. A 
culture was sent from this laboratory to Conn and was studied and 
described by him. Its characters were later contrasted with those of 
Bacterium droserae by Troili-Petersson. The last named author gives 
Weigmann as authority for the statement that Bacillus lactorubefa-
ciens has been isolated from straw. . 
MORPHOLOGY. 
Shape-(Gruber) Relatively long and large bacillus: In bouillon I.2X41-' 
to .61-'. 
Gr01tping-(Conn) Usually single. (Gruber) In milk sometimes in pairs. 
Caps"ldes-None noted by Gruber. (Conn) None. " J. 
Motility-Actively motile hy means of peritrichic flagella : L 
Spores-None. ) L 
Staining-(Conn) Gram positive. 
CUL TURAL CHARACTERS. 
Gelatin Plate-( Conn) Thick, contoured, gyrose, white. On litmus gela-
tin it becomes 5 mm. in diameter, acid, lobed, gyrose and with mottled 
surface. (Gruber) 18° C. on second day surface colonies I to 2 mm. 
in diameter. Sharply outlined, furrowed, grey white and colon-like. 
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Gelatin Stab-( Conn) Good villous needle growth, with spreading sur-
face. (Gruber) Growth visible in 24 hours . Top growth 2 to 3 mm. in 
diameter, grey white, somewhat warty; in transmitted light, clear. 
Reaches diameter of 6 mm. in 48 hours. In 14 days a colon-like, thin 
layer over the surface. In 4 weeks the gelatin thickens. No liquefac-
tion. 
Agar Streak-(Conn) Linear, moderately thick, white. (Gruber) Rela-
tively broad, somewhat raised, grey white, soft, rather thin, bluisJ:!, 
somewhat viscid in appearance. Water of condensation clouded. 
Potato-( Conn) Rather thick, white, luxuriant growth. Potato discol-
ored. (Gruber) Inside of 24 hours a rather broad, white, soft growth. 
Increases considerably in luxuriance later. 
Broth-(Conn) Flocculent sediment, turbidity and ring shaped pellicle. 
(Gruber) 18 to 20° in 24 hours clouded, turbidity completely disap-
pears in 48 hours. Sediment collects as a white, viscous deposit. A 
pellicle formed of large and small zoogloeal masses form< in 12 days. 
The sediment is then whitish and very voluminous. 
Milk-(Conn) Rendered acid and curdled to gelatinous mass at 20° C. 
but not at 37°. When heated the jelly becomes a hard curd, with a 
jelly-like whey. Barn-like odor. Pinkish color. (Gruber) At 20° to 
22° C. on the 4th day, there appears a light rose tinge, which becomes 
very definite after the 7th day, and on the surface there appear grey-
white, very slimy filamentous zoogloea, and the reaction becomes defi-
nitely acid. Rose color increases and on the 9th day begins to color 
the surface slime rose red, increasing in intensity with time, while 
the milk becomes paler. Cultures ro days old are viscous enough to 
be drawn out into threads a meter in length. If dextrose is added 
to the milk, an intense rose color is visible on the second day. Slime 
production is stopped by sealing from the air. At temperature 
of 6° to roO C. in four weeks there is development of slime, but no 
color. Milk becomes acid. No change in milk kept at 34° to 36° C. 
PHYSIOLOGICAL CHARACTERS. 
O.t'ygen-( Conn) Growth in closed arm in sugar broth. Facultative. 
Sugars-(Conn) Dextrose, lactose and sacchrose all develop acidity. 
No gas. 
Temperatltre-(Conn) Best at 20° c., although well at 37°. 




Closely related to Bacterium lacto-rubefaciens of Gruber. Bacterium 
droserae, Troili-Petersson. 
HISTORY. 
Isolated by placing leaves of a sundew (Drosera intermedia) in milk 
and isolating the slimy milk organisms developing. This was done be-
cause of the statement of Linnaeus that the leaves of this plant will 
induce slimy fermentation in milk. 
MORPHOLOGY. 
Shape-Variable. Short or long rods. Usually IJ.L III diameter, some-





Staining-Stains readily. Old cultures show refractive granules in cells 
which stain with methylene blue. Gram negative. 
CUL TURAL CHARACTERS. 
Dextrose Agar Plate-25° c., 3 days. Surface colonies thick and porce-
lainlike, periphery transparent, diameter 2 mm. or over. Deep colonies 
spherical or lens shaped. .5 mm. in diameter. 
Gelatm and Dextrose Gelatin Stab-Moderately uniform growth in the 
line of the stab. Relatively thick layer on surface. No liquefaction. 
Lactose Agar Stab-18° C. In one day, definite growth on surface and in 
depth. In three days, growth in stab uniform but not abundant. Top 
growth spreads over entire surface. 
Agar Streak-I day at 25° and 34°C., a little development and poor 
after-growth. Not viscous. 
Lactose Agar Streak-18° C. I day, a definite layer. In 3 days quite 
marked. Red. 
Dextrose Agar-Like preceding, but no color developed. 
Glycerine Agar-Like lactose agar at first, but later much more lux-
uriant, becoming 3 mm. or more in thickness. So hard as to be pene-
trated by platinum needle with difficulty. 
Potato-25° C. I day, a thin layer, which in 2 days becomes firm and 
wrinkled, not viscous. 
Broth-Flocculent clouding, not viscous. 
Dextrose Broth-Upper layer shows rapid growth. Pellicle or ring 
formed . Flecks from that later enlarge and become slimy or viscous. 
Glycerine Broth-As in dextrose broth. 
Milk-18° or 34°C., viscous in 5 days. Older cultures show upper layer 
that is strongly slimy and viscous. Reaction amphoteric. Red color 
develops at 18° to 25° c., not at 9° and 34°. Addition of dextrose does 
not increase development of color. 
PHYSIOLOGICAL CHARACTERS. 
Oxygen-Aerobic. 
Temperature-9° C. viscosity develops, good growth 18° to 34°. Poor 
growth at 37°, no growth at 44°. 
Thermal Death Point-60° C. for I minute. 
Indol-Negative. 
Gas-Negative in milk and dextrose broth. 
9. BACILLUS HARRISONII-Conn. 
BIBLIOGRAPHY. 
Harrison (1905); Conn, Esten and Stocking (1906). 
SYNONYMS. 
Group II, Variety No.6 of Harrison. 
Bacilhts lactis harrisonii, Conn. 
HISTORY. 
Isolated by Harrison from one stable among eighty which he examined 
(but here quite abundant), and described by him without naming. 
Named by Conn after its discoverer. 
MORPHOLOGY. 
Shape-(Conn) Somewhat irregular. Size .25 to .75I'x.3 to 3.51'. Har-
rison) longer and thinner than Bacilhts lac tis viscosus. .3 to 3X.25 
to .7SI'. Inclined to be irregular. 
Gropuing-Usually single, occasionally in short chains of a few cells. 
Capsltles-None. 
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II[ oiitity--- Actively moti Ie, peritrichous. 
Spores-None. 
Stains-Harrison states "they did not take Gram's stain." Conn, Esten 
~nd Stocking say, "It stains by Gram's method." Probably the latter 
IS an error. 
CUL TURAL CHARACTERS. 
Gelatin Plate-(Harrison) 26 hours, colonies round, slightly gray or 
water-like, clear and shiny, and of pronounced viscosity. Older, more 
irregular and edge lobulate, surface flat and shiny. Gradually umbonate 
and citron yellow in color. Largest colonies 5 to 7 mm. in diameter. 
Very viscous. Sink into gelatin, showing partial liquefaction. (Micro-
scopic) young, center slightly brown and granular. Edge dark brown 
or gray black; between center and edge, a clear zone. (Conn) Irregu-
lar, lobulate ,slimy, becoming umbonate. Sinks in a pit 3 to 7 mm. in 
diameter, from which entire colony can be removed with a needle. 
Agar Plates-Like gelatin. 
Gelatin Streall-(Harrison) 24 hours, spreading gray, slimy, smooth, 
center soon raised, first brownish yellow, then citron yellow. Margin 
thin, gray, slimy and lobulate. 3 to 4 weeks gelatin partly liquefied, 
forming a furrow. V cry sticky. 
Potato-(Conn) Luxuriant growth, spreading and intensely yellow. 
(Harrison) 24 hours. Abundant ,thick, gray and slimy and spread 
over surface. Smooth surface, center intensely yellow. 
Gelatin Stab-(Conn) Outgrowths from needle tract. In two weeks cul-
ture sinks in a pit 4 mm. in diameter and there is no further change. 
(Harrison) 2 weeks, 4 mm. Gray, granular line, thickens and becomes 
more homogeneous. Small, rounded ,smooth outgf(;Jwths from line 
of puncture. 
Agar Streak-Luxuriant, viscous and dull, at first slimy, later dry. Citron 
yellow. Spreading. 
B ouillon-Turbidity, sediment, ring pellicle, slightly viscid, old cultures 
change to jelly-like, hard masses. Reaction alkaline. 
Milll-( Conn) Rendered alkaline, but neither curdled nor digested. It 
turns yellow and becomes a slimy mass. (Harrison) Like Bacillus 
lac tis viscosus, but never has superficial viscid layer separate from rest 
of milk. Slowly changes to a clear, gray, slimy, viscid mass, and milk 




Temperature-Grows at 20° to 37° c., optimum 25°. Thermal death point 
60° for ten minutes. 
Sugars-4 per cent dextrose, laotose, sacchrose, maltose, glycerine gave 
no acid or gas. Disagreeable odor. All alkaline but glycerine which 
remains neutral. 
Indol-N one. 
10. BACILLUS SYNXANTHUS (Ehl'enb.)-Sc.hl'OetC1" 
BIBLIOGRAPHY. 
Ehrenberg (1840) ; Fuchs (1841); Lister (1873); Schroeter (1870 and 
1889); Hohl (1906). _ 
SYNONYMS. 
Vibrio synxanthHs, . Ehrenberg. 
Vibrio xanthogentts, Fuchs. 
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Bacterium xanthogenlls, Schroter. 
Bacillus synxanthus, var. Galii molluginis, HohI. 
Bacterium No. II, Lister. 
HISTORICAL. 
This organism was first named by Ehrenberg (1840) and later described 
by Fuchs (1841). Lister (1873) observed what was very probably the 
same organism (his Bacteriltm No. II). It has been noted several 
times since. The most extensive account seems to be that of Hohl, 
who described a var. Galii molillginis, which he isolated from the 
leaves of Galillm mollugo. The marked characteristic of this organ-
ism is its ability to digest milk with production of a citron yellow pig- . 
ment. 
MORPHOLOGY. 
Shape-(Schroeter) A rod, not distinguishable morphologically from 
Bact. termo. (Hohl) Rods with rounded ends, in young cultures, .8x 
L5,u, smallest rods .5X1,u, largest rods 1X3,u. 
Grollping-(Schroeter) single or in short chains. (Hohl) Frequently 
in pairs. 
M otility-(Schroeter) Actively motile. (Hohl) Actively motile. 
Capsltles-(Hohl) Friedlanders' capsule stain negative. After Johne's 
method many organisms showed a light halo. Buergess treatment 
gave a sharply banded capsule. 
Spores-(Matzuschita) None. 
Stains-(Matzuschita) Gram negative. (Hohl) Gram stain poor or nega-
tive. The organism stains well with the ordinary aniline dyes. 
CUL TURAL CHARACTERS. 
Gelatin Plates-(MatZllschita) Thin, bluish gray, glistening colony. 
(Hohl) First day small round colonies, light greenish color by trans-
mitted light through microscope. In four days white or g ray, diameter 
I mm. Deep colonies are round, yellowish brown. Liquefaction begins 
after 5 to 8 days. 
Agar Slll:nt-(Matzuschita) Gray, soft layer. 
Gelatin Stab-(Matzuschita) Not liquefied. 
Potato-(Matzuschita) Shiny, dirty, clay colored layer. 
Milk-( Schroeter) Milk that has been heated and allowed to stand be-
comes suddenly colored citron yellow and the casein is almost com-
pletely digested. The milk is at first acid, then intensely alkaline. 
When the citron yellow fluid is filtered and evaporated, the resulting 
yellow brown crust is insoluble in alcohol and ether, but completely 
soluble in water. Alkalies do not change the color, while acids im-
mediately cause it to disappear. (Hohl) Parts of the "Labkraut" 
Galium 1110 illig 0 from the field were inoculated into sterile milk. The 
. milk coagulated with an amphoteric to weak acid reaction, very 
stringy, yellow and peptonized. 
PHYSIOLOGICAL CHARACTERS. 
O.rygen-(Matzuschita) Aerobic. (Hohl) Growth best in presence of air:. 
Temperatltre-(Hohl) Optimum at 30° C. Thermal death point 55° c.. 
11. BACTERIUM LACTIS ACIDI-Leichmann. 
The organisms of this type are not clearly distinguishable from cocci. 
The discussion of th~ slimy. milk ~orms. will be .fou~d under the heading 
of StreptococCIIs lactlClts, wIth whIch thIs orgal1lsm IS here considered to 
be identical, or at least intergrading so closely as to make differentiation 
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impracticable. It should be noted that Leichmann named two distinct or-
ganisms, Bacterium lac tis acidi. One of these, the long bacillus, has al-
ready been treated with BacterilHn bltlgariwm. 
12. BACTERIUM VISCO-COCCOIDIUM-sp. nov. 
BIBLIOGRAPHY. 
Harrison, F. C. (1905). 
SYNONYMS. 
Group IV, Varieties 9 and 10 of Harrisons' slimy milk bacteria. This 
organism was not named by Harrison, and apparently has never been 
given a specific designation. 
HISTORY. 
One culture was isolated by Harrison from a sample of milk sent him 
for examination; another (var. 10) from the throat of a chicken. 
MORPHOLOGY. 
Shap e-N on-motile cocci or coccoid bacteria. The cells were either 
exactly round or a little longer than wide. The latter individuals often 
showed a clear center space which did not stain. These long form;; 
look like round-ended bacteria, and as they were much more numerous 
than round ones, these organisms must be considered as bacilli and no~ 
as true COCCl. They varied in size from 0.8 to 1.81'. 
Groaping-Irregular masses or occasionally short chains. 
CapsHies-N ot recorded. 
M otility-N one. 
Spo'res-None. 
Stains-Gram negati\·e. 
CUL TURAL CHARACTERS. 
Gelatin Plate-In 24 hours small gray points appeared which quickly 
grew larger, became raised, shiny and viscous. The border of the· 
colony was slightly lobate and the center pale yellow in color. The· 
mature colony was 3 to 4 mm. in diameter. The colonies developed 
a disagreeable odor. Young cultures were round and homogeneous; 
later they become granular, and finally the central part turned opaque. 
Agar Plate-Like Bacterium lactis viscosmn, old agar cultmes are ex-
ceeding-ly viscous and firmly adherent to the medium. 
Gelatin Streak-Along the line of inoculation a good growth developed 
and spread over the greater part of the surface. The central portion 
became shiny and raised, but the edge remained thin, smooth and ir-
regularly lobate. The odor of the culture was disagreeable . 
. },Yelatin Stab-Like Bactel'ilt11! lac tis visco sum. 
Pota'to'-On PQ,tato a fairly thick growth developed with an even sur-
face, shiny when young, but becoming dull and paste-like after three 
or four days. The growth was viscous. 
Agar Streak-Like Bacterium lactis viscoslt1n. Old growth hard, vis-
cous and tenacious. ' 
Broth (Beef )-The bouillon became turbid after 24 hours 'growth, and 
a thick, gray pellicle formed. The broth gradually changed into a 
jelly-like, viscolls mass, gray in color, strongly offensive odor, and al- · 
kaline reaction. A copious sediment formed at the bottom of the tube. 
This sediment was slightly viscous, but "dissolved" when shaken up. 
Whey Bouillon-In whey bouillon no odor developed and the reaction 
became slightly acid (from 24 hours on), and later was very acid. 
With these exceptions, the culture behaved like that in beef bouillon. 
Milk-The whole milk began to turn sour and was viscous af.ter 24 
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hours' growth. The acidity increased slowly and after four or five 
days there was a sof t coagulum. The coagulum contracted a little 
and expressed some whey; both whey and coagulum were viscous, the 
latter less than the former. As a rule, no serum was pressed out, but 
some portions of the coagulum gradually cleared and formed a gray, 
jelly-like, viscous mass. 
PHYSIOLOGICAL CHARACTERS. 
Oxygen-Aerobic. 
Temperat1U'e-Optimum 25° C, good growth at IS° to 20° and at 37.5°. 
Thermal death point, 62° for ten minutes . 
Sngars-Dex trose, lactose and maltose, 4 per cent; acid form ed. 
Saccharose and glycerine; no acid. 
Indol-None. 
13. BACILLUS VISCO-SYMBIOTICUM, sp. nov. 
SYNONYMS. 
Called 01'ganism I in previous descriptions (see p. IS). 
HISTORY. 
I solated f rom a sample of ropy cream sent to the experiment station by 
an Iowa creamery. It has been discussed previou sly under Case II. 
This organi sm is quite incapable of producing ropiness by itself, but 
. thi s property is marked when in symbiosis with certain strains of lactic 
acid bacteria. . 
MORPHOLOGY. 
Shape and Size-A rod varying in length from .7 to 2.71'0 and in width 
from -4 to .51'0. In older cultu res, rods become much longer. One was 
measured which was 7.91'0 in length. \iVidth is quite uniform. 
GroHping-Usually single, but hanging drops from bouillons show many 
pairs, and an occasional chain of three or four organisms. 
C apsHles--None. 
M otilit:, · -Actively motile. 
Spores-None. 
Stains-Stains readily. Gram negative. 
CUL TURAL CHARACTERS. 
Agar Plates-After one day, the colonies are quite large and are white 
by reflected light and brown by transmitted light. The surface colonies 
are irregular in shape, wih a tendency to be round, while the sub-
surface colonies are irregular, with a tendency to be round or oval. 
After four days there is little change except in the size of the colonies, 
at which time the surface colonies frequently are 4 mm. in diameter. 
Agar Stab-Heavy sur face growth, with growth rapidly decreasing down 
along the line of puncture. 
Agar Strcalz-Heavy, white, non-viscous growth, spreading rapidly from 
the line of inoculation, but not markedly raised. Edge fairly smooth: 
Gelatin Stab-Heavy surface growth. Line of growth villous above and 
beaded lower down. No liqu efaction evident. 
Potato-Luxuriant, dirty white growth afte r 24 hours. With age, the 
color changes to a decided brown. Growth tends to spr ead and is not 
.viscous. 
BOHilion-Either with or without sugar there is a heavy turbidity and 
sedim ent after 24 hours at room temperature. There mayor may not 
be a slight pellicle formati on, but if there is, it sinks on the slightest 
agi tation. After one week there is little change except increased 
growth. Sliminess has never been observed. 
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lIfilk-LitmHs-N 0 visible change in three or four days. Viscosity de-
velops only when grown with certain strains of Bacteriwm lactis acidi, 
hence the name. Ropiness seems to be due to the encouragement of 
growth on the part of both organisms. Where both organisms are 
inoculated together, there is development of ropiness and the litmus 
is reduced throughout. 
PHYSIOLOGICAL CHARACTERS. 
Oxygen-N 0 growth in the closed arm of the fermentation tube con-
taining dextrose, lactose or sucrose. Aerobic. 
T emperature-Grows well at room temperature and at blood heat. 
Indol-None. 
Sltgars. 
Acid Prodltction-Acid is produced in dextrose broth, but not in 
glycerine, levulose, maltose, lactose, raffinose, salacin, mannit, inu-
lin and starch-these latter become neutraL changing to this reac-
tion from an initial slight acidity of the uninoculated broth. 
Gas Prodltction-N 0 gas produced with any sugar. 
14. BACTERlmJl LACTIS VISCOSU1J,1 (Adametz}-Leh-
mann and N enmann. 
BIBLIOGRAPHY. 
Adametz (I88g); Marpmann (I88g); Adametz (ISgI); Marshall 
(1896) ; Conn (1Sg9) ; Ward (1899) ; Lehmann and Neumann (1901) ; 
Ward (I90Ia); Ward (I90Ib); Ward (1902-03); Harrison (1905); 
LOhnis (1905) ; Weigmanri and Gruber (I90Sa) ; vVeigmann and Gru-
ber (I905b); Conn Esten and Stocking (1906); Cole and Hadley 
(1909) ; Barthel (I9IO) ; Golding and Sadler (I9II) ; Golding (1912). 
SYNONYMS. 
Bacilhts lactis 7!iscoslts, Adametz. 
Bacillus visco SItS lactis, Conn. 
Bacilhts viscoms lac tis II, Conn. 
Group I of Harrison, Numbers I, 2, 3, 4. 
Bacterium lac tis acidi, Marpmann. 
HISTORY. 
Adametz apparently first described this organism, naming it in 1889, and 
publishing a more complete description in 1891. The Bacterium lac tis 
acidi of Marpmann apparently belongs here, also. It differs from the 
tvpe in that it slightly reddens litmus milk. Marpmann notes its vis-
cosity on solid media, but not in milk. It is apparently the same organ-
ism which was noted in 1896 by Marshall in Michigan. Conn (1899) 
records this organism as Bacililts v iscoslts lactis in his list of milk 
bacteria. He also describes a Bacillus viscoSlts lactis II, an organism 
differing only in being longer and more slender. It is probably not dis-
tinct enough to merit a separate name; indeed, in his revision in 1906, 
he omits this designation. \Vard, in a series of publications (1899-
1901-1902), r ecords the occurrence of slimy milk bacteria of this 
species from various sources in New York and California. Lehmann 
and Neumann (1901) gave the name Bacterium lactis v iscosltm. Har-
rison (1905), in a -study of twelve cultures of slimy milk organisms, 
reported that five of them--those belonging to his group I-were ap-
parently identical with this species. One of his cultures was secured 
from Freudenreich, one was found in slimy beer by himself, one was 
received from Marshall in Michigan, and one from Ward in New 
York. vVeigmann and Gruber (1905) isolated two organisms produc-
ing slimy milk from' filth and from contaminated water. According 
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to Barthel (I91O), both of these organisms belong with this species. 
\Neigmann and Gruber (I905) studied an outbreak of slimy milk, ap-
parently caused by this organism. Ltihnis (I905) recorded the occur-
rence of this organism in soil. Conn, Esten and Stocking (I906) re-
port finding it in market milk from the city of New York and state 
that it is the most common cause of the ropy milk dairy trouble. 
Barthel (I91O) found the organism to be the cause of an outbreak 
of ropy milk in Sweden. His cultures agreed with one secured from 
Kral. Golding and Sadler (I9II) found the organism to be the cause 
of a persistenf outbreak of ropy milk. Golding (I9I2) isolated this 
organism from an outbreak of ropy milk in England. Professor 
Eckles of the University of Missouri has isolated this organism from 
various outbreaks of slimy milk. He states in a letter that in Mis-
souri two types of slimy milk organisms are commonly found, one 
apparently identical with this organism and the other organism be-
longing to the group Bacterium lactis aerogenes. This organism has 
')een isolated by one of the authors from several samples of slimy 
.nilk. Cultures of an organism bearing this name were also secured 
from various institutions. Comparison of these cultures has shown 
that some of them correspond with the original description of Bacillus 
lactis viscoSHs, but in other cases they differ from it, particularly in 
their action on milk. Those forms which develop acid in milk also 
produce acid in dextrose bouillon; they have been grouped together 
under a new specific design:ltion, Bacterium paravisCOSltm. (See No. 
I4·) 
MORPHOLOGY. 
Shape-The organism is a rod, straight or slightly bent and is usually 
rounded. Involution forms are not uncommon. Harrison gives the 
size as length .:; to 2.51-'; width .5 to 1.21-'. Conn's measurements are 
identical. 'vVard noted considerable variation in size, depending upon 
the medium and the age of the culture; lengths 1.2 to :)1-'; width .6 
to .81-'. He found the larger organisms in broth and that young cul-
tures are almost coccus-like. Involution forms in old cultures were 
sometimes 41-' in length. Our own cultures from 24 hour agar slants 
gave: length .8 to 1.31-'; width .5 to 61'-. 
CI-oltping-Preparations from milk and agar show the organism fre-
quently arranged in pairs or in chains of 3 to 4. Harrison states 
that he sometimes found chains of from 3 to 20 and that in such 
chains the individual orzanisms were separated by a transparent space. 
Occasionally filamentous il1\'olution forms are observed. 
Capsules-Capsules are present in milk. These have been noted by 
Adametz, Ward, Conn, Harrison and Lehmann and Neumann. 
Motility-None has been observed . Adametz states that there is slight 
motility in organisms from young milk cultures and Ward corroboraes 
his statement. Harrison, Conn, Lehmann and Neumann and the 
writers have been unable to verify this. 
Spores-N one produced. Harrison states that spore-like granules are 
sometimes found, but never true spores. 
Staining Reactions-The organism stains readily with ordinary stains. 
It is believed by the writers to be gram negative. There is consid-
erable amount of confusion in the literature as to whether this organ-
ism is gram positive or gram negative. Adametz and Ward state that 
it is gram positive. LOhnis notes that it is freqLlently not decolorized 
by gram, but in his own experience he finds many organisms gram 
negative in the course of their development. Harrison, who worked 
with cultures from Ward and from European laboratories. states that 
it is gram negtaive in every case. Similar results have been secured 
in all cultures tested by the writers. It is probable that this organism 
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should be recorded as gram negative, but as resisting the decolcrizing 
action of alcohol rather more than related organisms. 
CUL TURAL CHARACTERS. 
Gela.tin Plate-(Adametz) Room temperature 3 to 4 days. Small point-
like colonies. Gelatin not liquefied. (Conn, 1899) White bead 1 mm. 
in diameter. Not characteristic. (Ward) Surface colonies minute 
gray points, granular, concentric markings. Frequently with a central 
protuberance. Colonies first white, later become yellow. Gelatin 110t 
liquefied. (Harrison) Appear in 1 to 2 days. Round points, spread 
quickly, 3 to 6 mm. in diameter. Smallest surface colonies flat and 
iridescent in transmitted light, by reflected light shiny gray or slightly 
brown. Older colonies differ considerably in viscosity. (Microscopic) 
Very young colonies gray, irregular and more or less granular. Later, 
center darker, finally opaque, margin alone transparent and granular. 
Deep colonies punctiform, yellow-brown, granular when young, with 
dark radiate markings in varieties 2 and 3, later opaque. (Conn) 
Flat colonies with irregular edges or lobate. 3 mm. to 6 mm. in 
diameter. Later viscous. Our own cultures agree very well with the 
descriptions given above by Harrison. 
Agar Plateo-(Adametz) Room temperature, after a few days small, 
flat colonies consisting of a transparent mass. (Conn. 1899) Trans-
parent and glassy, very thick and raised in irregular masses. Growth 
is extremely slimy and can be drawn out into threads several inches 
long. (Harrison) Like gelatin. Surface and subsurface colonies very 
evident after 24 hours. Both are white by reflected light and brown 
by transmitted light. Both are viscous. Surface colonies are gener-
ally round, while the sub-surface colonies are round to irregularly 
oval. 
Gelatin Streak-(Adametz) Along line of inoculation, narrow streak. 
Slimy. May be drawn into threads by platinum needle. (Harrison) 
20° C. Slimy, smooth in 24 hours along line of inoculation. Spread 
rapidly, edge becoming irregular, denticular or lobulate. Growth 
slimy, smooth, more or less arborescent, center raised, at first shiny, 
later dull with furrow- like markings. Viscid. 
Gelatin Stab-(Adametz) Surface growth white and shiny. Along line 
of stab fine beaded growth, which becomes confluent. (Conn, 1899) 
Abundant needle growth with thin, irregular rosette surface growth. 
(Ward) White growth of minute, whi tish coloni es along line of punc-
ture. Growth more vigorous on the surface. (Harrison) Surface 
growth heavy, like colony. Fair growth along line, somewhat vari-
able, granular, filiform, arborescent. No liquefaction. (Conn) Good 
needle growth, sometimes granular. Sometimes arborescent. Our 
own cultures show heavy surface growth with the amount decreasing 
rapidly toward the bottom of the stab. No liquefaction occurs. 
Potato-(Ward) 24 hours, a thin growth, same color as potato. Later 
the growth is abundant and viscid and drab in color. (Conn, 1899) 
Grayish, brown mottled, abundant, tenacious, slimy. (Conn, 1906) 
Thick, uneven, dirty gray, becoming brown or yellow and slimy. (Har-· 
rison) Good growth 24 hours at 25° C. slimy and spreading, dirty gray 
when young, later brownish yellow and very slimy. Our own cultures 
show in 24 hours a dirty white, luxuriant, viscous growth, the amount 
of growth increasing with age. 
Agar Streak-(Adametz) Dirty white growth . (Ward) Opalescent. 
(Harrison) Like gelatin, condensation water at first is viscid, then 
like mucus. Growth always thickest next to condensation water. Our 
own cultures show a luxuriant white viscous growth. 
Bouillon-Alkaline broth becomes slightly clouded and viscous in 24 
homs. Viscid pellicle in course of a week. Usually a white, tena-
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ci.ous sediment. Acid b.ouill.on bec.omes alkaline in ab.out tw.o days. 
(Harris.on) 24 h.ours, surface layer very tnrbid, s.omewhat slimy. 
Gray, thick, slimy ring at t.op. Deeper layers .only slightly turbid, n.ot 
slimy, stallactite g rowth. C.opi.ous sediment eventually. Reacti.on un-
changed .or slightly alkaline. N.o .od.ors. Our .own cultnres sh.ow in 
24 h.ours c.onsiderable turbidity, later a sediment devel.ops. Frequently 
there is a pellicle .or ring .of gr.owth at the surface al.ong the glass. 
The pellicle is slimy. and usually sinks up.on agitati.on. 
Milk-(Adametz) N.o apparent change in sterile milk f.or several days. 
Cream bec.omes slimy. Od.or, taste and reacti.on same. Change com-
plete at r.o.om temperature in f.our weeks. (C.onn, 1899) Slimy and 
alkaline, threads .one f.o.ot l.ong. Od.or str.ongly cheesy. Milk bec.omes 
alm.ost s.olid in a m.onth, and n.on-visc.ous. (Ward) Cream viscid at 
surface in 12 h.ours . In milk bel.ow, maximum visc.osity .only after 
several weeks. Old cultures can be drawn int.o l.ong threads. Reac-
ti.on at first alkaline, later slightly acid. (In this characteristic, this 
.organism resembles .our Bacterium para-viscosmn.) In separat.or 
skimmed milk the viscid character appears at .once and remains ab.out 
a m.onth, after which the liquid gradually bec.omes translucent and 
.opalescent. Usually a large precipitate. (Lehman and Neumann) 
Milk gradually bec.omes visc.ous .or slimy and may be drawn .out int.o 
l.ong threads. The milk is n.ot c.oagulated and is feebly alkaline. 
(Harris.on) Sliminess first apparent near surface. In 24 h.ours, surface 
bec.omes m.ore .or less slimy, n.o .other change visible. In 36 h.ours 
the t.op .of the milk is cleared, translucent, finally bec.omes gray, trans-
parent, mucus-like. Increased until all milk is gray and jelly-like in 6 
t.o 10 days. Never c.oagulated. Old cultures copious gray sediment. 
Old cultures s.ometimes slightly alkaline, never any acid. Both skim 
and whole milk the same. (C.onn) Bec.omes alkaline, d.oes n.ot curdle, 
is very slimy. Our .own cultures sh.ow the characteristics enumerated 
ab.ove by Harrison. (G.olding) G.olding is quite certainly mistaken 
in placing this .organism in his Group I, which includes th.ose .organ-
isms which dissolve the casein. 
PHYSIOLOGICAL CHARACTERS. 
Oxygen-The .organism is a strict aerobe, acc.ording t.o all investigat.ors. 
Temperature Relationships-Ward gives the minimum temperature at 
8° c., maximum at 40° and states that freezing d.oes n.ot destroy the 
vitality.of the .organism. (Conn) N.otes that growth .occurs at both .10° 
and at 37°. (Harrison) Finds that the .optimum temperature is 25°, 
alth.ough g.o.od g r.owth .occurs between IS° and 37.5°. He finds the 
thermal death p.oint t.o be at 60° C. for ten minutes. 
Gas Production-All auth.ors agree that there is n.o pr.oducti.on .of gas 
with any .of the sugars, the broth bec.oming and remaining permanently 
alkaline. 
Acid Pr()ductioll-All auth.ors agree that there is n.o pr.oduction .of acid 
with any sugar. Am.ong the cultures secured from vari.ous labora-
t.ories, s.ome have been found which pr.oduce a definite am.ount of acid 
in dextr.ose. As has been n.oted ab.ove, these have been placed under 
the species next t.o be n.oted, No. 14, Bactrium paraviscosum. 
Indo/-N.one is pr.oduced. 
The f.oll.owing table sh.ows the reacti.on in b.ouill.ons of vari.ous kinds 
in.oculated with Bacterimn /actis viscosltm and held seven days at r.o.om 
temperature, the b.ouill.ons bef.ore in.oculati.on being neutral. The cultures 
used were is.olated from three distinct s.ources. 
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Bouillon CuIt.ure Culture 2 • Culture 3 
Plain AIK .1 .1 
Gylcerine .1 .1 .1 
Dextrose .1 .2 '.2 
Levulose AL~ .2 ,', .2 
Galactose .2 
Lactose AIK .1 .2 
Sucrose .1 
Maltose AIK .2 .2 
Mannit AIK AIK .1 
Salicin .1 .2 AIK 
Raffinose AIK AIK .1 
Inulin .1 AIK AIK 
Starch .1 AIK 
The results in the above table represent the c.c. of N aOH required 
for 5 c.c. of bouillon. 
15. BACTERIUM PARA VISCOSUM, sp. nov. 
The organisms which we have described as Bacteri1!m paraviscosum 
closely resembles Bacterium viscosu1lt as described by a number of authors. 
Bacteriwn paraviscosmn, however, produces coagulation and an acid reac-
tion in milk; in the case of litmus milk, there is a reduction of the litmus 
in the lower part of the tube and a red band at the top (the red band 
gradually increases in width as the culture stands). Bacterium paravisco-
mm also produces an acid reaction in dextrose bouillon, although not in 
bouillon to which other sugars (including lactose) have been added. 
In morphology, cultural characters and physiological characters, aside 
from those mentioned, Bacteri'ltm paraViSCOS1{m resembles Bacterium vis-
coswn so closely that no additional descriptions are deemed necessary. 
16. BACTERIUM LACTIS PITUITOSI-Leffler. 
BIBLIOGRAPHY. 
Loeffler (1887) ; Golding (1912). 
SYNONYMS. 
Bacill1!S lactis pit1!itosi, Loeffler. 
Bacillus du' fadenziehenden Milch. 
HISTORY. 
Described by Loeffler in 1887 from a case of ropy mille It is insuffi-
ciently described, and has apparently never been noted since the first 
description. However, the morphology is so charactristic as to justify 
its retention for the present as a distinct form. Its apparent relation-
ship to Bacterium lac tis viscos1!1n leads to its inclusion at this point, 
although not enough characters are knbwn to make its position certain. 
MORPHOLOGY. 
Shape-Relatively thick, slightly bent rod. Very soon breaks up into 
short coccus-like segments. 
Capsules-Golding states that viscosity is due to a swollen capsule. 
Motility-Golding lists it as non-motile. 
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Spores-Golding lists this organism as producing sporcs. This is prob-
ably not correct. 
Stains-Probably gram negative. 
CUL TURAL CHARACTERS. 
Gelatin Plate-White or, by reflected light, grayish brown, frequently 
radially striped, usualh sharply contoured, sometimes slightly granu-
lar colonies, reaching diameter of from 14 to 112 mm. No liquefaction. 
Agar Plate-Dirty white colonies. 
Potato-Grayish white, curly, relatively dry layer. 
Milk-Some acid, decidedly ropy, slimy material, particularly 111 the 
lower layers. Very viscous. Origin of slime undetermined. 
17. BA.OTERIWf. AEROGENES (Eschet'ich}-Lehmann and 
Neumann. 
BIBLIOGRAPHY. 
Duclaux (1883); Escherich (1885); Freudenrich (1890); Emmerling 
(1900) ; Lehmann and Neumann (1901); Schardinger (1902); Jen-
sen (1904); Utz (1904); Gruber (1906); Harrison (1905); Conn, 
Esten and Stocking (1906); Barthel (19IO); Golding (1912). 
SYNONYMS. 
Actinobacter du lait visquealtx, Duclaux (suggested by Lohnis). 
Ac:inobacter polymorph1ts, Duclaux (suggested by Lohnis). 
Bacterim lac tis ae"ogenes, Escherich. 
Bacilll!s guillabeau C., Freudenreich. 
Bacillus lactis aerogenes, Harrison. 
Bacillus aerogenes, Kruse. 
Bacillus f., Schardinger. 
Bacillus No. 23, Gruber. 
HISTORY. 
Bacillus lac tis aerogenes was isolated from the feces of infants and first 
described (1885) by Escherich. Since then it has been isolated from 
numerous sources by various investigators and apparently in some 
cases redescribed under a different name. Its presence is now quite 
generally believed to indicate fecal contamination either from human 
or lower animal sources. This organism, with closely related forms, 
is believed to playa part in the souring of milk under ordinary condi-
tions. Duclaux (1883) had previously described two organisms cap-
able of producing slimy milk. These he called Actinobacter dt! lait 
visq1!eaux and Actinobarter polymorplms. His descriptions are too in-
adequate to permit of the certain recognition of his forms. It is prob-
able, however, that his organisms belong here. 
Freudenreich (ISg0) described an organism isolated previously by 
Guillebeau, which he named Bacillus gltillebeau c. The characteristics 
of this organism are insufficiently described, hence its inclusion here 
must be wholly tentativc. There are many records of studies of 
Bacilli!s aerogenes by various investigators, but only records of obser-
vation of slime production in milk will be noted. 
Emmerling (1900) studied Bacterium lactis aerogenes in cultures 
and noted particularly the ability of the organism to make milk slimy, 
with the development of a galactan. This was later (1904) confirmed 
by Jensen . The name given by Escherich was modified by Lehmann 
and Neumann (190I) to Bacterium aerogenes to eliminate the tri-
nomial form. 
Schardinger (1902) isolated this organism from unclean drinking 
water and studied at length its action on milk and its slime production. 
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Staining-The organism stains readily with aniline dyes and IS gram 
negative (all investigators). 
CUL TURAL CHARACTERS. 
Gelatin Plate- (Freudenreich) Colonies coarsely granular. Very ad-
herent. Not liquefied. 
S1!gar gelat-in plates-After 3 to 4 days the colonies have the appearance 
of sago grains. Colonies never larger after several weeks than 1.5 
mm.; young colonies removable as a whole with a platinum needle; 
up to 8 days old the colonies are slimy and filamentous The consist-
ency of young colonies is viscous, leather-like, difficult to press be-
tween two cover glasses Color grayish white, first translucent, later 
opaque in the middle and yellowish brown at the margin and with 
very wide, radial markings The developed colonies are oval brown-
ish and often with fine stripes on the margin (Harrison) 24 hours 
at 20° C. colonies small, gray white, shiny points Sometimes watery 
and clear Older colonies gray or slightly brokn. Very viscous, may 
be removed from gelatin intact. Largest 4 to 6 mm. Microscopically, 
young colonies granular. Center soon brown and finally opaque. Edge 
transparent and granular. Deep colonies round, granular when young, 
then opaque. 
Agar Plates-(Harrison) Like gelatin. After 24 hours, both the sur-
face and the subsurface colonies are plainly visible. Both can be 
drawn out with a platinum wire and are white by reflected li ght and 
brown by transmitted light. The surface colonies are round to oval. 
With age there is little change except in size. The surface colonies 
show diameters as great as 3 mm. 
Gelatin Streak-(Harrison) Shiny gray, even growth along the line or 
inoculation. Spreads but little, soon raised. 
Gelatin Stab-( Schardinger) Beaded growth with abundant gas forma-
tion (Harrison) Fine nodose growth, gray white, never confluent, 
but abundant. No liquefaction was observed. There is considerable 
surface growth, with a beaded growth along the line of inoculation. 
Agar Stab-Heavy white beaded growth along the line of inoculation, 
surface growth heavy, spreading and prominently raised. 
Agar Streak-(Gruber, Freudenreich) Viscous, luxuriant. 
Potato-(Freudenreich) Whitish yellow. In a few days forms a yellow-
ish mass. Gas bubbles numerous. (Harrison) Good growth, spread-
ing but little. Thick, even, sh iny and gray, later slightly yellow and 
very viscid. After 24 hours, there is a heavy, whitish ye llow viscous 
growth. Later the potato turns to a light brown. Gas is formed. 
Bouillon-(Freudenreich) Changed to viscous mass, quite gelatinous. 
Drawn out in long filaments. Viscosity tends to disappear in time. 
24 hours at 34°C., strongly clouded, on shaking, and strong fermenta-
tion. After 7 days at 20°, decided surface film formation, metallic 
and glistening, liquid slimy and viscous. Diffusely clouded slight 
flecks upon the surface and in 12 to 24 hours, gas formation noted. 
The contents of the tube are strongly slimy and viscous, like egg 
white. 10 day old culture kept at room temperature required for 
neutralization with litmus as indicator, 28 c.c. n-1O NaOH. The 
bouillon was alkaline to rosalic acid. (Harrison) Bouillon and whey 
24 hours very turbid and viscid Surface with thin gray pellicle, thick, 
shiny ring. 
With the cultures studied by us, a turbidity is evident after 24 hours in 
bouillon, either with or without fermentable materials. This turbidity 
persists, a sediment is formed and, in most cases, a ring of growth ap-
pears at the surface next to the wall of the tube. Sliminess is evident 
in most of the bouillons studied, although the degree of sliminess is 
quite variable. 
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Milk-(Freudenreich) Becomes very viscous. At both 37° and 25° C. 
very viscous in 16 hours. After 60 hours at 37° the milk coagulates 
and loses its viscosity. The serum, on the contrary, remains viscous. 
At 18° the milk becomes viscous after 60 hours. 5 days at 16° to 20°, 
slimy, decidedly viscous, fermented, with alcoholic odor Sterile milk 
on inoculation soon becomes filamentous, slimy with relatively rapid 
gas formation, the odor is acid and definitely alcoholic and at blood 
temperature the cultures 5 to 6 days after inoculation separate serum; 
in 9 to 10 days at room temperature the slime formed evidently pre-
vents the free separated casein from settling. If such cultures are 
warmed, the coagulation appears even earlier. In some tests, pasteur-
ized whole milk and skim milk inoculated with bouillon cultures of 
the organisms and kept for 24 hours at 17° became extraordinarily 
slimy The separated cream or the upper surface of the milk was 
penetrated by large gas bubbles (Harrison) Apparently unchanged 
for 24 hours, slightly viscous and upon shaking gave numerous bub-
bles. Coagulum contracts and presses out gray serum. Coagulum 
viscous and often full of gas bubbles In milk, the organism shows 
a large and distinct capsule in cultures only a few hours old. The 
encapsulated organisms are found in small groups in a very short 
time and in larger groups a little later. Eventually' the capsules seem 
to adhere and string out in irregular shapes, while the organisms 
either lie embedded ill this material or lie free between masses of it. 
This capsular material 'seems to be 'very resistant and milk cultures 
have been known to retain their sliminess for at least 40 days. Long 
before this time, however, the acid formed resulted in a precipitation 
of the casein which had collected in a layer in the bottom of the tube, 
leaving a turbid, slimy liquid above. 
PHYSIOLOGICAL CHARACTERS. 
Oxygen-Facultative. 
Temperature-Optimum 37° Thermal death point 60° for 10 minutes. 
Indol-(Harrison) Abundant. Our own cultures, in conformity with 
the findings of other investigators, showed no indol production in Dun-
ham's solution. 
Gas Prodnction-Gas is produced from all sugars recorded below as 
showing acid production. 
Acid Production-Cultures grown 7 days at room temperature. Results 
expressed in c.c. of n-20 NaOH required for 5 C.c. of the sugar broth 
culture. Bouillon practically neutral before inoculation. 
Chicago Hastings Sackett 
Plain .1 .1 .2 
Glycerine 2.3 2.1 1. 7 
Dextrose 3.5 3.5 3.2 
L evulose 3.2 3.5 3.3 
Maltose 3.0 2.2 2.3 
Sucrose 3.4 3.1 2.4 
L actose 3.0 3.4 3.0 
Raffinose 3.0 3.0 2.2 
Salicin 2.3 2.3 2.3 
Mannit 2.5 2.4 2.6 
Inulin Alk .1 .3 
Starch Alk Alk Alk 
The following table shows the acidity produced in milk, both at room 
and at incubator temperature by these organisms: 
RESULTS EXPRESSED AT THE PERCENTAGE OF ACID-COMPUTED 
AS LACTIC. 
Time and Temperature. 
14 days at room temperature 














Bacillus ca1"filagineus, Olsen-Sopp. 
HISTORY. 
This organism was isolated by Olsen-Sopp from "false taette? a . slimy 
or ropy sour milk, which differed markedly from true taette in its 
consistency. He acknowledges that he is not entirely satisfied that 
he had the organism in pure cultures. He states that the organism 
is extremely difficult to isolate from certain associated forms. 
MORPHOLOGY. 
Shape-Relatively large, crooked bacillus, becoming quite long in some 
media. Resembles Leuconostoc when young, but bacilli larger. Size 
in capsule 2XSM. Ends rounded. 
Grouping-In milk it grows as a streptobacillus in long chains. Grows in 
. zoogloeal masses, surrounded by gelatinous material, in irregular 
spheres and clumps. 
Capsules-Present, and coalescing to form large, firm zoologeal masses. 
Slime about the bacilli about I.U thick. 
!vI otiiity-N one observed . 
Stains-Zoogloeal masses stain poorly with methylene blue. Capsule does 
not stain. Bacillus reddish. When heated with carbo I fuchsin, bacillus 
is stained red and capsule pink. 
CUL TURAL CHARACTERS. 
Grows well in most nutrient media, as milk, bouillon, wort, whey, in 
urine, gelatin and agar agar. 
Gelatin and Agar Plate-At first light gray, with a grayish shimmer, 
with uneven, bent and strongly folded surface and irregular edges. 
Becomes gradually yellowish, or, in old cultures, yellowish brown or a 
transparent ochre color Surface gets rougher and simulfaneously the 
colony begins to sink into the gelatin without making it fluid. Im-
possible to detach parts with a platinum needle, so hard that a knife 
or lancet must be used. In a few weeks the colony dries, though not 
the medium, and becomes as harcl as stone. Keeps alive thus for a 
year. Grows well in bouillon gelatin, especially with cane or milk 
sugar or whey gelatin, best on unhopped beerwort gelatin. Spreads 
but little, grows often in half sphere. Colonies on gelatin angular, 
rough, jagged, irregular, quite thick, as much as 10 to IS mm. high. 
Beerwort-Made very viscous. 
Peptone Solution with Sucrose or Lactose-Macle viscous, but not with 
dextrose. Olsen-Sopp attributes the transformation of sugars to gum-
my material to an extra-cellular enzyme. In 5 per cent cane sugar 
solution, so much viscosity develops that the solution cannot be poured 
from the tube, but the solution still remains relatively clear. 
Milk-Luxuriant growth, is made so viscous that it will not flow from 
a Pasteur flask. The milk appears after the organism has grown a 
week in it, more gelatinous than fluid gutta perc.ha: It tends to 
be less viscous on continued cultivation, except ,cultivation in milk. 




19. BA.CTERIUM MARSlIALLI-Conn. 
BIBLIOGRAPHY. 
Marshall (190S); Conn, Esten and Stocking (1906). 
SYNONYMS. 
Bacillus "Bn of Marshall. 
HISTORY. 
Isolated by Marshall in Michigan in 1904. This organism was shown to 
exert a favorable influence on the growth of lactic acid bacteria and 
the development of lactic acid. Later it was studied by Conn and 
named for Marshall. Conn also reports isolating the same organism 
in Connecticut and Harding in N ew York. 
MORPHOLOGY. 
Shape and Size-Rod, 1.2x.31-'. (Conn) 1.7 to S.2Sx.8 to .87SI-'. (Mar-
shall) . 
Groltping-N ot fo rming chains. 
Capsules-N one. 
M 0 tility-None. 
Spores-None. 
Stains-Gram negative. 
CUL TURAL CHARACTERS. 
Gelatin Plate-Slowly liquefying granular colony, which may later be-
come large, irregular and shiny. 
Potato-Luxuriant, filiform, effused, smooth, lemon yellow. 
Gelatin Stab-Begins to liquefy in two or three days, infundibuliform. 
In nine days liquefies 1,{ inch. 
Agar Streak-Luxuriant viscous colony, filiform, raised, smooth, cream 
white or gray and later lemon color. 
BOltillon-Sediment and turbidity, and pellicle around edges of the tube. 
Milll-Becomes alkaline and digests, but does not normally curdle. Has 
a pronounced odor and is slimy. 
PHYSIOLOGICAL CHARACTERS. 
Oxygen-No growth in closed arm. Aerobic. 
Temperatlires-Grows at 20° and at 37° C. 
Sugars-No gas or acid. 
20. BACILLUS lIESSlI-Gt(illebeau. 
BIBLIOGRAPHY. 
Guillebeau (1891) ; Bochiccio (i894); Golding (1912). 
SYNONYMS. 
Bacterium hessii, Guillebeau. 
HISTORY. 
Hess found two organisms capable of causing slimy milk associated with 
mastitis in a cow, and one (this form) was described by Guillebeau 
1891. Bochiccio (1894) secured cultures of this organism from 
Freudenreich and studied its physiological reactions in considerable 
detail. The exact location of this organism is uncertain. Matzuschita 
considers it to be a spore-forming organism, but there seems to be no 
evidence in the original description. Uihnis (Handbuch, p. 247) states, 
"In spite of the fact that spores have not been found, the Bacillus 
hessii has been shown so predominantly by Guillebeau to have the 
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habits of a spore-forming bacilus that it should perhaps be classed 
as an asporagenous variety of one of the following (sporogenous) 
species." 
MORPHOLOGY. 
Shape and Size--Rods, 3 to 51-' in length and 1.21-' in width. Occa-
sionally some were short and almost coccus-like. Ends rounded. 
Capsules-None. 
M otilify-Actively motile. 
Spores-Spores present, according to Matzuschita. The original descrip-
tion does not mention them and the ease with which the organism is 
destroyed by heat would indicate that spores have not been found. 
Stains-Ends often more intensely stained than the center. (Gram posi-
tive, according to Matzuschita) . Comparisons made by Guillebeau 
would lead to conclusion that it is really gram negative. 
CUL TURAL CHARACTERS. . 
Milk Gelatin Plate- Soon appear as entire margined colonies from which 
tllread-like processes grow out (rhizoid-like). Liquefaction begins 
and colony swims in liquid drop. In two days the entire colony is 
liquid and slimy. 
Potato-Growth appears quickly, thick, glistening, dirty white layer, 
which is later brown. 
Milk Agar Stab-Growth appears quickly, often with development of 
gas, at 30° C 
Bouillon, Sugar Free-Soon changed to a slimy mass with permanent 
alkaline reaction. Retains slimy character for a long period. 
Milk-Clumps appear first in the cream, granules like butter. At 30° 
sours and coagulates in 48 hours. Takes longer at 20°. Sliminess de-
velops at 20° after 14 hours. After 1112 days, thick threads 1 lh em. 
long can be drawn out, and milk under the cream layer is curdled. 
Loses slimy property very easi ly. Disappears after Ilh days at 35°, 




Temperatnre-Luxuriant growth after 12 hours at 20° and 36°. Killed 
by boiling temperature for 2 minutes. 
Sugars-Gas formed in milk agar. 
Desiccation-Killed in three days by drying. Not pathogenic. 
21. BACTERIUM PEPTOGENES, sp. nov. 
HISTORY. 
Isolated from a tube of litmus milk in the laboratory. After autoclaving; 
this individual tube was found to have undergone a slimy fermenta-
tion. 
MORPHOLOGY. 
Shape and Size--Rods. From 1.3 to 5.11-' long and frum .5 to .71-' wide. 
Grouping-The organism occurs either singly or in chains containing 
up to 6 or 7 individual organisms. 
Capsttles-Readily demonstrated in milk by Welch's stain. 
Motility-None observed. ; 
Spores-Present, easi ly demonstrated microscopically, and after heating 
to 75 ° for 10 minutes inoculated milk became slimy. 
Stains-Readily with ordinary stains . yram -positive. 
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CUL TURAL CH,ARACTERS. 
Agar Plat es-Colonies quite small after 24 hours. Increase in size is 
quite rapid. Surface colonies quite irregular. Both are viscous, white 
by reflected light and almost black by transmitted light. 
Gelatin Stab- Heavy surface growth. Stratiform liquefaction. Stab 
soon shows slight beaded growths, which decrease rapidly downward. 
Potato-After 24 hours there is a small amount of white growth. Event-
ually there is considerable white viscous growth. 
Agar Stab-Heavy white surface growth. Beaded growth along stab. 
Decreases rapidly downward. 
Aga1· Streak-Heavy white, raised, echinulate growth. 
Bouillon- Turbidity evident in all bouillons after 24 hours, with least 
growth in plain bouillon. Later a sediment, a ring at the surface along 
the glass, and a sliminess develop. The sliminess is variable in 
degree and seems to be clos-ely related to the amount of growth. 
UschinsllY's Solution- No growth evident after six days (room tem-
perature. 
DI!nham's Solution-Small flocculent growth in bottom of tube. 
Milk-Milk becomes slimy and then is digested. Litmus, if present, is 
reduced. The digestion begins at the top and proceeds until there is 
but little sediment left. 
PHYSIOLOGICAL CHARACTERS. 
Oxyg en Rela.tions- N 0 growth in the closed arm of tube with lactose. 
dextrose or sucrose bouillon. 
Temperature-Growth good at room temperature. 
Acid Production-The following table shows the amounts of acid pro-
duced in the various bouillons (originally practically neutral) in 7 
days at room temperature. The results are expressed as the number 
of c.c. of n-20 alkali required for 5 c.c. of the material. 
Bouillon Organism 
Levulose .9 c. c . 
Plain .8 c.c. 
Glyce rine .6 c.c. 
Dextrose .8 c.c. 
Maltose .8 c .c. 
Lactose .5 c.c. 
Raffinose .8 c .c. 
Salicin .2 c.c. 
Inulin .2 c.c. 
Mannit .7 c.c. 













Milk inocu lated with thi s organism showed an acidity of .13 per cent 
after standing 16 days at room temperature. 
Alkali Production- The table shows no evidence of this . 
Gas ProdHction-N 0 gas observed in the presence of Glycerine, Dex-
trose, Levulose, Maltose, Lactose, Raffinose, Salicin, Inulin, Mannit, 
Starch. 
lndol-N 0 indol observed. 
22. BACILLUS VULGA.TUS-(Flugge)-lIIigula. 
BIBLIOGRAPHY. 
Vignal (1890); Fliigge (1893); Fliigge (1896); Hiippe (1884); Stern-
berg (18g2) ; Freudenreich (1894) ; Lehmann and Neumann (1901). 
SYNONYMS. 
Bacilllis mesentericus vulgat1ls, Fliigge. 
Potato bac·illus of Hiippe. 
HISTORY. 
This organism was first found upon potatoes and later it was isolated 
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from milk. Hiippe 1884) isolated it from slimy milk and noted that it 
produced considerable viscosity in cream. Vigna I (1889) recorded 
it as causing slimy (though not ropy) milk. Similar note was made 
by Fliigge (1893). Numerous investigators have found organisms of 
this type as the cause of ropy and slimy bread. The organism is com-
mon in the soil and in water. Freudenreich says, "A considerable 
number of so-called potato bacilli, in addition to their transformation 
of the casein, produce viscosity in milk." 
MORPHOLOGY. 
Shape and Size-Thick bacillus, rounded ends, 1.2 to 3.5,u long. (Mat-
zuschita) Somewhat narrower and shorter than the hav bacillus. 
(Lehmann and Neumann) Slender rods, ends scarcely at all rounded, 
1.6 to 5,u long, and .8,u thick, often in threads. 
Grouping-Often in pairs and short chains. 
CapsHles-None. 
Motility-Actively motile. 
Spores-Spherical. Placed centrally. 
Stains-Gram positive. 
CUL TURAL CHARACTERS. 
Gelatin Plate-Gelatin liquefied (Sternberg). Colonies at first almost 
transparent bluish white, later with opaque white center. Superficial 
colonies may attain a diameter of nearly one centimeter. Sunken in 
liquefied gelatin. Low power, granular and with rough margin. (Mat-
zuschita) Like B. subtilis, but rays lacking. (Lehmann and Neumann) 
Colonies sunk in gelatin in from one to two days. Grayish white, 
deilcate wrinkled films, which do not sink even when entire plate 
is liquefied. Microscopically colonies finally moruloid. 
Agar Plate-(Lehmann and Neumann) White to whitish gray colonies 
mostly shining, even bordered, or slightly granular. A little elevated. 
Microscopically, old colonies show some development of peripehral 
hairs. 
Potato-Grows quickly, first as a moist layer covering entire surface, 
later forming a viscous mass that can be drawn into long filaments. 
Netted folds and wrin,kles. (Lehmann and · Neumann) Variable. 
Abundant tortuous elevations, like coils of intestine. Whitish gray, 
yellowish or even rosy. 
Gelatin Stab-Gelatin liquefied (Sternberg). Liquefaction at first fun-
nel shaped along line , of inoculation. Soon complete. Numerous 
gray flocculi seen in liquefied gelatin, and delicate grayish white, 
wrinkled layer forms on surface. Abundant flocculent deposit in bot-
tom. 
Agar St'reak-(Sternberg) Thick, wrinkled, white layer extending over 
the entir surface. (Lehmann and Neumann) Numerous irregular, 
considerably elevated folds. Edge more transparent. Films on water-
of condensation. 
Bouillon-Slight clouding. Form grayish white film, not broken up by 
shaking. 
Milk-(Sternberg) Coagulates casein; this is subsequently dissolved and. 
floats upon surface as a slimy layer. (Lehmann and Neumann) Slimy 
coagulum formed. Strong alkaline reaction. Bitter taste. Hiippe 
states that the liquid is not filamentous, but that the cream layer is a 





Temperatnre-Grows well at room temperature and at incubator tem-
perature. 
Indol-(Lehmann and N eumanll) None. 




Bacillus 11Incosus, Klein. The name Bacillus mltcoS1!S has previously 
been applied to several organisms. It certainly is not tenable for this. 
It is here renamed for the original author. 
HISTORY. 
Described by Klein in 1901 in a comparison of various anaerobic butyric 
bacteria. 
MORPHOLOGY. 
Shape and Size-Cylindrical and filamentous bacillus. Averages S to 61'-
in length. Slender. 
Motility-Actively motile. 
Spores-Oval, 2.21'- long, 1.31'- thick. Stain with difficulty. Situated 
centrally. 
Stains-Gram negative. 
CUL TURAL CHARACTERS. 
Does not grow on media without sugar. 
Sligar Gelatin Plate-Does not grow in ordinary boui11on gelatin. Re-
quires sugar. Liquefies medium slowly. 
Sugar Gelatin Stab-Numerous threads radiate from needle track. 
Slowly liquefied. At bottom of clear liquid, gelatin very slimy. Gray 
flocculent material. Spores formed slowly. 
Agar Stab-Much gas. No radiating rays. 
Sl£gar Agar Streak-Veil-like growth. Condensation water contains 
slimy masses. 
Blood Se1"nm-Does not grow. 
Milk-Quick separation of casein flecks and sour whey. Definite odor 
of butyric acid. Slimy masses in the whey. These consist of masses 
of the long bacilli. Considerable development of gas. 
PHYSIOLOGICAL CHARACTERS. 
Oxygen-Anaerobic. Buchner's method suitable for cultivation. 
Temperatnre- 'vVithstands 80° for IS minutes. Grows well at 37° C. 
PATHOGENESIS. 
Non-pathogenic. 
'24. BACILLUS PRUCHII-Conn, Esten and Stocking. 
BIBLIOGRAPHY. 
Conn, Esten and Stocking (1906). 
SYNONYMS. 
Bacillus lac tis prHchii, Conn, Esten and Stocking. 
HISTORY. 
Sent by Prucha to Conn from Geneva, N. Y., and described by Conn 
as unique and clearly distinct. 
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MORPHOLOGY. 
Shape-Bacillus. Involution forms, curbed, cluo-shaped and other irreg-
ularities common. 
C apsldes-None. 
M otility-Peritrichic flagellation. 
Spores-Present. 
Stains-Gram positive. 
CUL TURAL CHARACTERS. 
Gelatin Plate-A rapidly liquefying pit. Not characteristics. 
Potato-Spreading, thin, smooth, brownish, luxuriant and discolored .. 
Gelatin Stab-Liquefies in one day. Stratiform, with a turbid liquid 
and a reddish yellow sediment. 
Agar Streak-Round; flat, smooth, opaque, white, luxuriant and viscous. 
No fluorescence. 
BOItillon-Viscous sediment, turbidity and a flocculent pellicle. 
Milk-Rendered acid, curdled, both at 20° and at 37° with slight yellow-
ish color. Later yellow and slimy. 
PHYSIOLOGICAL CHARACTERS. 
Oxygen-Anaerobic. 
Temperature-Both at 20° and at 37° C. 
.)Hga1'S-Dextrose acidi~ed. No gas and no growth 111 closed arm 111 
any bouillon. 
25. STREPTOCOCCUS TAETTE-Olsen-Sopp. 
BIBLIOGRAPHY. 
Troili-Petersson (18g9a), (1899b); Olsen-Sopp (1912). 
SYNONYMS. 
Streptobacililts taette, Olsen-Sopp. 
Bacterium lactis longi, Troili-Petersson. 
HL~~TORY. 
Pwb;lbly the characteristic organism of the Swedish ropy milk (lange-
milch). Troili-Petersson reports that Bacteriw11! lac tis longi can not be 
separated from ordinary lactic acid bacteria. The essential difference 
which she reports is its ability to make milk viscous. The organism 
described by Olsen-Sopp, StreptobacillHs taelte, is probably an eK-
treme form of the same type. The genus Streptobacillus is not ten-
able. The descriptions of Olsen-Sopp do not differentiate this organ-
ism morphologically from the Streptococcus lacticus-Bacterium 
lac tis acidi group. It is described here as a streptococcus. In reply 
to a request for a culture of the organism, Dr. Olsen-Sopp stated 
that his cultures had all died out. 
MORPHOLOGY. 
Shape-(Troili-Petersson) Microscopically identical with Bacterilt11t 
lac tis acidi. 
Size-.8 by 1 to I.8/L. (Olsen-Sopp) A somewhat variable organism 
depending upon the medium used. Average size .9 by I.8/L. In old 
cultures, the organisms are frequently so short as to resemble strep-. 
tococci. 
Grouping-Usually in chains. 
Capsules--(Olsen-Sopp) Present; frequently the organisms are em-
bedded in a slimy mass, which dissolves in water and stains but faint-
ly, if at all, with aniline dyes. 
M otility-N on-motile. 
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Spores-None. 
Stains-(Troili-Petersson) Gram posItive. (Olsen-Sopp) No state-
ment as to gram stain. He states that the organism stains rather 
poorly with aniline dyes. 
CUL TURAL CHARACTERS. 
Olsen-Sopp states that it is difficult to get this organism to grow be-
cause of the fact that the symbionts flourish in the slime which it 
produces. He claims that the organism secured by Miss Petersson was 
not in pure culture. 
Gelatin Plate-(Olsen-Sopp) Colonies at first small, white and round. 
Those below the surface grow to a diameter of .6 to .8 mm. Vis-
cous and rubber-like in consistency and difficult to remove from the 
medium. The colony is so firm that usually it can be removed intact 
and may be drawn out into tenuous threads, which are rubber-like. 
Surface colonies raised somewhat. Grayish and smooth, usually 
faintly yellow. In the first generation at least they are also rubbery 
in consistency. After continuous transfers many of these characters 
are lost. The colonies become less elastic, though viscous, and grayer, 
smoother and more moist. The viscosity could be regained by culti-
vation with the characteristic yeast described by the author from ropy 
milk. 
Gelatin Stab-(Troili-Petersson) In glycerine-sugar-gelatin growth 
somewhat streptococcus-like. Line of stab resolved itself into micro-
scopically visible granules in two days. Does not spread over the 
surface of the medium. Cultures in ordinary nutrient gelatin, simi-
lar, but more delicate. 
Agar Streak-(Troili-Petersson) A delicate, transparent layer. The 
water of condensation of sugar agar becomes somewhat viscous. 
M ilk- (Olsen-Sopp) Becomes viscous in 24 hours and reaches its maxi-
mum in So hours. Organisms from various sources show varietal 
differences, all producing similar changes in milk, but giving it a 
sourish, disagreeable flavor not in the least like taette. (Troili-Peters-
son) Found varietal differences in all cases. The milk became slimy, 
viscous and acid within 24 hours. The viscosity persists for a number 
of days at least. The optimum temperature for the production of vis-
cosity is ordinary room temperature. In the fermentation of viscous 
milk, the casein is separated into small particles surrounded by slimy 
membrane. The membrane, however, soon disappears at room tem-
perature, usually after a couple of days. The casein then is free. 
Milk sealed away from the air seems to retain its viscosity for a 
longer period of time than milk not so preserved. 
Whey-(Olsen-Sopp) Produced viscosity when grown in whey, but 
gradually loses this property when frequently transferred. 
Beerwort-(Olsen-Sopp) Gro~s well and makes medium somewhat vis-
cous. 
SHgar Bo~!illon-(Troili-Petersson) The organism develops well. Defi-
nitely visible in 24 hours and in dextrose solution a considerable 
amount of viscosity is developed. This is lost again in a couple of 
days. Lactose bouillon is also rendered viscous, but to a much slighter 
degree. 
BOHillon-Little or no visible growth; at least no definite clouding. 
Potato-Some growth but scarcely visible microscopically. 
PHYSIOLOGICAL CHARACTERISTICS. 
Oxygen-Acrobic and facultative anaerobic. 
Temperature-(Troili-Petersson) Thermal death point 60° C. one min-
ute; develops best at room temperature and when grown at 37 . .1° it 
rapidly loses its power of fermentation. (Olsen-Sopp) Minimum 3°, 
Optimum IS°, approximate maximum 35°. In pure cultures the organ-
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ism loses its property of slime production more quickly at high tem-
peratures. 
Acid-Acid is produced from dextrose and lactose. (Troili-Petersson) 
Lactic acid from this organism is of the dextro-type. 
26. STREPTOCOCCUS PYOGENES-Rosenbach. 
BIBLIOGRAPHY. 
Hess and Borgeaud (1888). 
I-'JSTORY. 
Hess and Borgeaud (1885) described a streptococcus causing mastitis 
(Mastitis catarrhalis infectiosa) in cows in Switzerland. In its char-
acteristics, it apparently corresponds to this type, particularly in its 
pathogenicity. The descriptions below are those given in the original 
reference. The property of producing sliminess in milk is probably 
not an unusual character of Streptococws p)'ogenes, but this is the 
only reference found in literature to a specific isolation of a patho-
genic slime producing strain from milk. The following descriptions 
are from Hess and Borgeaud, and are incomplete. 
MORPHOLOGY. 
Shape and Size-II-' in diameter. Spherical. 
Grottping-Very long, much twisted chains, often 50 elements. 
M otility-N on-motile. 
CUL TURAL CHARACTERS. 
Gelatin Plate-Grows well. 
Agar Plate-Grows well. 
Potato-No growth. 
BOllillon-Grows well. Thin, flocculent mass, which does not cloud the 
fluid. 
Milk-Milk drawn from infected udders soon coagulates, becomes slimy 
and strongly filamentou s. 
PHYSIOLOGICAL CHARACTERS. 
Temperatllre-Thermal death point, 55° for 10 minutes. 
Sugars-Work with sugars was not carried on by Hess and Borgeaud, 
therefore the organism can be placed only in the general StreptococcttS 
pyogenes group. In lactose solutions, acid is produced. Easily de-
stroyed by antiseptics. 
PATHOGENESIS. 
In one case an abscess was produced in a guinea pig, but usually no 
results in rabbits and dogs. Produces typical mastitis in the goat. In 
the beginning of the infection in cows, the consistency of the glands 
and teats appeared normal and cows could easi ly be milked. The milk, 
however, deteriorated rapidly. In later stages of the infection, the 
secretion often became thick, yellowish white and could be milked out 
only with difficulty. 
27. STREPTOCOCCUS LACTICUS va?". HOLLANDICUS, 
comb. nov. 
BIBLIOGRAPHY. 
Lister (1873); Schmidt-Millheim (1882); Hilppe (1884); Weigmann 
1889); V. Ratz (1890); Beyerinck (1891); Weigmann (1898); Troili-
Petersson (I899a); Troili-Petersson (I899b); Leichmann (1899); 
280 
Henzold (1901) ; Burri (1904) ; Utz (1904) ; Diigelli (1907) ; Sewerin 
(1908); Cole and Hadley (19c9); Golding (1912). 
SYNONYMS. 
Bacterillm No. I, Lister. 
Bacterium lactis, Lister. 
Bacterium lactis longi, Troili-Petersson. 
Bacterium GI~ntheri, Burri. 
Bacterium lactis acidi, Marpmann. 
Micrococcus 11Htcilaginoslts, Migula. 
Diplococcus lactis liodermos, Ratz. 
Micrococcus lactis pitztitosi, Schmidt. 
Streptococcus hollandiczls, Hiippe. 
Streptococcus Giintheri. 
Micrococcus der schleimigen Milch, Schmidt-Miilheim. 
Bacillus of Cole and Hadley. 
Bacillus NO.2 of authors. 
Micrococcus of von Ratz. 
HISTORY. 
Lister (1873), in a study of milk fermentations, noted that several 
lactic acid organisms sometimes produced sliminess. The descriptions 
of his Bactel'iltm No. I and Bacterillm lac tis are too incomplete to 
allow of identification, so these organisms are placed here tentatively. 
The coccus observed by Schmidt-Miilheim (1882), but not obtained 
in pure culture, probably belongs here, also. The same may be said 
of the coccus of Hiippe (1884). 
Weigmann (1889) isolated a coccus (without giving a name) from ropy 
milk or whey used as a starter in the preparation of Edam cheese. 
Weigmann (according to Harrison) found Streptococcus hollandiws 
present on the leaves of Pinguicula vulgaris, a bog plant said to be 
used by the Scandinavians in initiating slimy fermentation of milk. 
Leichmann (1899) noted the tendency of milk streptococci to de-
velop the ability to make milk slimy. It is quite possible that the 
Bacillus lactis longi of Troili-Petersson belongs here, also. 
Henzold (1901) described the method used in the preparation of "lange 
wei" for starter for Edam cheese. He says: 
"The work with lang wei, which formerly particularly was a secret of 
certain farmers, was in 1887 carefully described by P. Ez. Boekel in a 
pamphlet. According to this, the lange wei is suposed to exert an 
especially favorable influence on cheese defects and, above all, to 
prevent the swelling of the cheese. 
"The organism often loses the ability to make whey slimy. Temper-
atures play an important role. At 30° to 40° c., degeneration occurs 
in a short time. 
"To produce a good lange wei for a cheesery ,one proceeds as fol-
lows: A 2-3 liter stone jug is filled almost entirely full with boiled 
and cooled whey. Add lange wei, cork and allow to stand until the 
contents are decidedly slimy. From this, one adds portions to the 
milk. Temperature, 20° to 25° c." 
Weigmann was the first to isolate and fix the cause of the lange wei 
as a coccus. It appears most frequently as a diplococcus, and also in 
chai"ns of 4 to 10 cocci, while single cocci are seldom found. 
Weigmann (1898) likewise notes that mariy lactic acid bacteria (Strep-
tococci) show a tendency to slime production upon continued culti-
vation in milk. 
Burri (1904) studied the causal organism of a slimy whey that exuded 
from a green cheese, and believed it to be a variety of Bacterium 
Giintheri. 
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Dtiggeli (1907) studied mauy samples of milk to be used in cheese mak-
ing . One type of fermentation he found was a coagulation of the 
milk with the development of a viscous whey. The organism respon-
sible, at least in most cases, for this viscosity was a slime producing 
variety of Bacterium Guntheri. -
Sewerin 1909) noted that cultures of Bacterium lactis acidi showed 
a transitory sliminess. 
Cole and Hadley (1909) described an organism essentially similar, as 
the cause of slimy milk on a Rhode Island farm. No name is given 
to the organism by these authors. They evidently regarded this as a 
form of Bacterium lactis viscosum. 
This organism has been repeatedly isolated from slimy milk, from 
starters, etc., as noted in the general discussion when it is termed 
Organism No. II. 
The writers have found this organism as the cause of the development 
of viscosity in certain starters used for butter making. (See dis-
cussion under Case I, p. I2.) 
MORPHOLOGY. 
Shape and Size-Organism slightly longer than broad, .51-' to .71-' 
from 24 hour agar cultures stained with Gentian violet. Apparently a 
typical coccus in form. (Cole and Hadley) A short rod with rounded 
ends, possessing a capsule No great difference jn size ap-
peared to be determined by age or by the media, except that the size 
Vias silghtly greater in milk, and less on agar or gelatin. From agar 
slant cultures, the length varied from .8 to II-' and the breadth from 
.5 to .71-'. In milk at six days, the length was frequently 1.41-' and 
the breadth .9 to 1.01-'. 
Gro1tping-Single, many pairs, and an occasional chain of 3 or 4 organ-
isms or when producing maximum viscosity, with long chains, some-
times a hundred elements or more. (Weigmann) Rarely single, 
usually diploccocci, often in chains of 4 to 10 cocci, also chains of 
diplococci. (Cole and Hadley) Single and in short chains. Chains 
most common in smears of milk. 
Caps~des-Present. (Cole and Hadley) Present, easily demonstrated 
with carbol fuchsin. 
Motility-None. (Cole and Hadley) Non-motile. 
Spores-None. 
Stains-Gram positive. Stains readily with aniline dyes. (All authors.) 
CUL TURAL CHAR1\.CTERS. 
Gelatin Platcs-(Weigmann) Does not grow. 
Milk Gelatin-(Weigmann) Very small colonies. All colonies are deep. 
Colonies sharply margined, hemispherical. Rather coarsely granular. 
Does not liquefy. 
Agar Plates-After one day, the colonies are distinctly visible and are 
round to oval in shape, white by reflected light, and brown by trans-
mitted light. There is but little increase in size after the first day. 
Gelat·in Stab-eCole and Hadley) Gelatin tubes, kept at 25° C, showed 
decided growth along the line of puncture in 14 hours. After 64 
hours, a faint growth appeared on the surface. At 43° F. the growth 
did not appear along the line of puncture for 60 hours. The growth 
may be either villous or arborescent, or both. (Weigmann) Thin fila-
ment, uniform abpve ,often broken below, often only a chain of spher-
ical colonies. Does not liquefy. Slight beaded along the line of punc-
ture. No liquefaction. 
Potato-N 0 growth could be observed on potato after three weeks. That 
the organisms were alive on the surface, however, was demonstrated 
by adding milk to the culture, whereupon it became stringy in a 
short time. 
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Agar -Stab-Practically no surface growth. Beaded growth, small in 
amount along the line of puncture. 
Agar Stl'eak-(Cole and Hadley) The colonies appear, in about 30 
hours, as minute translucent or dew-like points. The colonies never 
exceeded a diameter of 1.2 mm., which marks the limit of growth, 
Growth small in amount, white, 110t viscous, somewhat beaded. 
Bouillon-(Cole and Hadley) When kept at room temperature, 77° F, 
(25 ° C.), the bouillon became cloudy in 14 hours, later forming both 
a viscid pellicle and a viscid precipitate. At 5° C (41° F.) the bouillon 
clouded slight ly in 72 hours, but a pellicle did not form until 12 days 
had elapsed. At 68° F. (20° C.) a slight cloudiness developed in 24 
hours, and a thin, white pellicle formed in 48 hours. At first the pel-
licle formed was viscid, but this quality was lost after three weeks' 
growth, although the precipitate remained viscid for about eight 
weeks. With certain addi ti ons, there is a decided turbidity and sedi-
ment, while with others and with plain bouillon growth is slight, if 
evdent at all. 
Milk-(Weigmann) Makes milk ropy relatively quickly. I loop makes 
20 C.C. of milk ropy in about 12 hours. Minimum temperature for 
ropiness about 14° C. (Cole and Hadley) Tubes of sterile milk kept 
at room temperature, 77° F. (2S ° C.), becomes very ropy in 18 hours. 
This ropiness disappeared after 18 days. Milk kept at 66° F . (19° 
C.) became ropy in II hours. Milk kept at 98° F. (37° C.) showed 
the first signs of stringiness 5 hours after inoculation, but lost this 
characteristic 2 days later at the same temperature. It thus appears 
that the milk which was inoculated at 98° C. not only became ropy 
most quickly, but also became most thoroughly ropy, 'so that upon 
the inversion of the tube the milk would not flow out. Such milk, 
however, lost this characteristic much sooner than mi,1k which was 
maintained at lower tempertaure. Tubes kept at 50° F. (roo C.) be-
came ropy in 26 hours at this temperature and remained so for 44 
days. 
Some acid formation and coagulation of casein in very small particles, 
surrounded by ' ropy milk occurred. After long standing in a warm 
place, some separation of a ropy serum. Relat:vely more viscosity and 
less acidity at low temperature. A kind of gum formed. No definite 
conclusions as to origin or composition of the slime. After long 
growth at high emperature it loses its slime producing power. Harri-
son states that the s limy material is albuminous. 
Litmus Milk-Milk curdled by the acid formed and the litmus reddened 
at the top and reduced below. The red band gradually increases in 
width. The growth of the organism in litmus milk is more character-
istic than any other cultura l test. At 68° F. (20° C.) the first 
change appears within ten hours. This consists of a slight reddening 
of the surface of the milk. Twelve hours after inoculation the red-
ness extended sufficiently to form a more or less solid layer, 2 mm. 
thick at the top of the tube. Directly below this was a ring of neu-
tral· milk, and below this and occupying the remainder of the tube, 
the milk was alkaline. 24 hours after inoculation the red ring widened 
to S or 6 mm., the neutral ring had widened to reach the bottom of 
the tube, and the alkaline ring had quite disappeared. By the third 
day, the red ring was 9 mm. wide; by the 4th, 12 mm., and by the 
roth day the tube was quite pink and solid. At a temperature of 50° 
F. (roo C.), the reddening was much slower, and the ropiness re-
mained for 38 days. 
Uschinsl,y's Soiltti?n-No growth. 
Dunham's S olution-N 0 growth. 
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PHYSIOLOGICAL CHARACTERS. 
Oxygen-eCole and Hadley) Aerobic, will not grow in tubes of bouil-
lon sealed with paraffine. (Authors) Facultative. Will grow in 
presence of suitable carbohydrates in the absence of oxygen. Some 
growth in closed arm of lactose and dextrose fermentation tubes, 
although the turbidity is not as heavy as in the open arm of the tube. 
Temperature-(Weigmann) Grows well even at low temperatures. 
Optimum between 30° and 40° C. Growth at 30° to 40° C. for a few 
days proves fatal. (Cole and Hadley) Growth limits 5° to 37.9° C. 
Sugars-Gas production: No gas observed when the organism was 
grown in the presence of lactose, dextrose, levulose, sucrose, starch 
and inulin. 
28. STREPTOCOCCUS VISCOSUS-Conn, Esten and Stock-
ing. 
BIBLIOGRAPHY. 
Harrison (I905) ; Conn, Esten and Stocking (1906). 
SYNONYMS. 
Streptococcus lactis viscosttS, Conn, Esten and Stocking. Were it not 
for its definite description as a Streptococcus, this might be identified 
with some other forms. Conn states that Micrococcus frev..denreichii 
belongs here, but this is not probable as this latter organism liquefied 
gelatin. The name, StreptococClls viscostts, is probably not tenable. 
HISTORY. 
Isolated by Conn from milk. The description is from the slimy milk 
organism of Group V, described by Harrison. Several varieties are 
described by Conn. 
MORPHOLOGY. 






CUL TURAL CHARACTERS. 
Gelatin Plate-Shiny, pale yellow, round or lobate colony, 1 to 2 mm. in 
diameter. Commonly viscous. No liquefaction. 
Potato-Luxuriant, dull, paste-like growth, gray to yellowish in color. 
Gelatin Stab-Both needle and surface growth, producing a "nail" cul-
ture. 
Agar Streak-Irregular, lobate surface growth, quite luxuriant, viscous. 
Variety A shows scanty g rowth, never viscous. 
Bouillon-Sediment and turbidity, also a pellicle. 
Milk-Acid and curdled after 3 to 4 days. Very slimy. 
PHYSIOLOGICAL CHARACTERS. 
Oxygen-Facultative. 
Temperattlre-Grows well at 20° to 37° C. 
Sugars-Dextrose, lactose and saccharose acidified. Growth in closed 
arm. No gas production. 
29. MICROCOCCUS ROSACEUS-Conn, Esten and Stocking. 
BIBLIOGRAPHY. 
Conn, Esten and Stocking (1906). 
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SYNONYMS. 
Micl'oCOCC1!S lactis rusaceus, Conn, Esten and Stocking. 
HISTORY. 
Originally isolated in 1903, has since been twice isolated by Conn 
MORPHOLOGY. 
Shape and Size-Micrococci. .81-' in diameter. 
Stains-Stains by Gram's method. 
CUL TURAL CHARACTERS. 
Gelatin Plate-Surface colony reaches the size of I mm. with a nucleus 
and a light outer zone. The color is pink. On litl1HtS gelatin, it pro-
duces a bluish colony, which is not acid. 
Potato-A very luxuriant, thick, moist growth of a pink color. 
Gelatin Stab-A needle growth and a spreading pink surface. 
Agar Streak-A luxuriant pink growth. 
BO~lillon-A sediment and a slight turbidity, but no pellicle. 
Milk-Rendered slightly acid and shows a slight pinkish sediment. It 
becomes somewhat slimy. 
PHYSIOLOGICAL CHARACTERS. 
Oxygen-Aerobic. 
Temperature-Grows at both 20° and 37° C. 
S1tgars-N 0 acid or gas is produced in any sugar bouillon, and no 
growth in closed arm. 
30. MICROCOCCUS VISCOSUS B.-Conn, Esten and Stock-
ing. 
BIBLIOGRAPHY. 
Conn, Esten and Stockin'g (1906). 
SYNONYMS. 
Micrococcus lac tis viscoslls B. , Conn, Esten and Stocking. ·It is not 
probable that this name is tenable. 
HISTORY. 
Sent to Conn by Harrison, of Guelph, isolated from pasteurized milk. 
MORPHOLOGY. 






CUL TURAL CHARACTERS. 
Gelatin Plate-Thick, round, smooth, white. In old cultures the gelatin 
is turned green. 
Litmus Gelatin-Colony is coarse, granular and nucleated. The surface 
growth is rather transparent. Deep colonies, opaque and brownish. 
Potato-Luxuriant, thick, growth of a slaty gray color, turning to blue 
or black, and in old cultures to an olive green. Potato discolored. 
Gelatin Stab-Vigorous growth, both needle and surface. 
Agar Strea/~-Moderately thin, spreading, white. 
Bouillon-Sediment and turbidity, but no pellicle. 
Milk-N 0 change except the production of a decided sliminess. 
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PHYSIOLOGICAL CHARACTERS. 
Temperatw·e-Grows well at both 20° and 37°. 
Sugars-No gas nor acid. 
31. MIOROOOOOUS PITUITOPARUS, nom nov. 
BIBLIOGRAPHY. 
Hohl (1902) ; Sato (1907). 
SYNONYMS. 
Karphococcus (Carplzococws) pitnitopanls, Hoh!. 
DiplococCtts viscosttS, Sato. 
HISTORY. 
This organism was first isolated by Hohl (1902) from decaying straw. 
Sato isolated the organism from slimy milk at Halle, Germany: 
MORPHOLOGY. 
Shape and Size-(Sato) Size varies in different media-.s to LOll-. 
(Hohl) Varies with medium, averages Ill- in diameter, smallest .7 to 
.81l-, largest 1.3 to 1.51l-. Elongated forms observed. 
Grottping-( Sato) Single, diplococci, or short chains. 
Capsltles-( Sato) Could not be demonstrated with certainty. 
Motility-None (Hohl and Sato). 
Spores-None (Sato). 
Stains-Gram negative (Sato). Stains easily and wei!. (Hohl) does 
not record Gram's stain. 
CULTURAL CHARACTERS. 
Gelatin Plate-(Sato) Small colonies after I day, 2 days on surface as 
whitish yellow pin head colonies. Deep colonies, round, IS mm. in 
diameter, lobulated edge. Surface, round, I mm in diameter, entire, 
white and colonies very stringy. 
Agar Plate-(Sato) I day, small, gray, yellow colonies, superficial, much 
larger than deep. The colonies are so viscous that one can easily re-
move them entire. 
Potato-( Sato) Very luxuriant, after two days, light gray, syrup-like, 
covering the entire surface. (Hohl) 37° to 20° c., a scanty, white, gray 
and somewhat uneven, slimy growth. 
Gelatin Stab- (Sato) Grows poorly along lower part of stab. Spreads 
over entire surface in a day without liquefying gelatin. Filamentous 
growth lh to % depth of stab. Later more band like. Surface growth 
at first entire, then deeply lobulated. Gelatin never liquefied. Gelatin 
held ten days at 30° C. hardens again at 20°, i. e., no gelatin-dissolv-
ing enzyme is formed at 30° C. 
Agar Stab-( Sato) Whole surface quickly covered, while stab shows 
almost no growth. (Hohl) Filamentous to band-like growth in up-
per %. Growth over almost entire surface, white gray, wavy edge. 
Agar Strea/~-(Sato) After I day, abundant, white yellow, viscous lay-
er. Entire streak white gray to weakly lobulated edge, agar culture 
slimy. 
Bouillon-White, flaky turbidity. Whitish gray sediment. In three 
days strongly slimy, forms adhesive, slimy mass of great viscosity. 
M ilk- (Sa to) After 2 days, liquid turbid and somewhat viscous. No 
change in litmus. 3 days, white pellicle that on shaking mixes with 
milk and makes all slimy. Surface always slimy first. No acid, no 
digestion. In 14 hours, upper layer very slimy, deeper layer un-
changed. 24 hours, milk slimy throughout. Milk not coagulated. 
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Reaction of milk after 5 months weakly alkaline. After 3 months it 
is amphoteric, then weakly alkaline. Milk never acid. Odor and 
taste, no striking change. Inoculation from a 5 months' culture 
causes slimy condition in milk in 24 hours. Ordinary milk is made 
slimy. 
PHYSIOLOGICAL CHARACTERS. 
Ox:vgen-Aerobic, strict (Sato). (Hohl) Apparentlv aerobic. No 
growth in stab in deep agar. 
Temperature-(Hohl) Better growth at 20° to 37° than at 28° to 30° C. 
Five minutes' heating at 65° gave growth. Five minutes' heating at 
70° gave no growth. Death of organism on filterpaper in one per 
cent Iysol occurs in 30 minutes and in 5 minutes in 4 per cent Iysol. 
Sugars--(Sato) No gas. Closed arm always clear. 
I ndol- (Sato) None. (Hohl) None. 
Reactions--( Sato) Only neutral or weakly alkaline solutions. Small 
amount of acid inhibits. No sulfid. No ammonia. Sato discusses 
elaborately the influence of temperature on slime formation. He con-
cluded that the slime is nitrogenous. He also studied the effect of 
composition of medium on slime production. 
32. MICROCOCCUS MUCO-FACIENS-Thoni and Thaysen. 
BIBLIOGRAPHY. 
Thani and Thaysen (1913). 
SYNONYMS. 
This organism is undoubtedly closely related to Micrococcus j1·euden-
reichii, Guillebeau. 
HISTORY. 
Isolated by Thani and Thaysen (1913) from market milk in Berne. 
MORPHOLOGY. 
Shape and Size-Typical cocci, sometimes paired, occasionally in tetrads 
and larger masses. Diameter .5 to 2.41', usually .8 to 1.61'. 
M 0 tility-None. 
Sta-irls-Stains readily. Gram positive 
CUL TURAL CHARACTERS. 
Gelatin Plate-At 20° to 23° C. surface colonies in 2 days minute gray 
white points, in 5 days becoming light yellow. Soft, round, entire, pin-
head-like, I mm. in diameter. When slightly magnified, finely gran-
ular. Consistency decidedly viscous. Deep colonies spherical and 
14 mm. in diameter. In 10 days the surface colonies show some radial 
striping and a thicker center. In 25 days the colonies are depressed, 
liquefaction very slow. 
Agar Plate-35° to 37° C. Surface colonies in 24 hours, .2 mm. in 
diameter, yellow brown and granular, entire, flat and circular. Slimy 
and filamentous. In 48 hours, I mm. in diameter. Deep colonies 
spherical or whetstone shaped. 
Potato-After several days, quite wide, raised, light yellow, soft, glit-
tering, strongly viscous growth; with time, darker and creamy. 
Gelatin Stab-Slow growth. 26 days gives some liquefaction. Growth 
viscous. 
Agar Streak-35° to 37° C. Yellow brown, sappy, glistening, raised 
layer. Viscous and retains this charactenstic for many months. 
Milk Agar Streak-Room temperature, 16 hours widespread white yel-
low layer. Condensation water clouded. Growth and water of con-
densation both viscous. 
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Bouillon-33° C. Moderately clouded. White, viscous sediment. Broth 
not viscous. 
Milk-22° C. 18 hours apparently unchanged, but cream viscous. 42 hours, 
all viscous. 5 days, three layers-cream, then yellow brown layer, 
then milk. Yellow layer gradually increases. Slimv. At 35°, more 
rapid development. When several months old, still viscous. 
PHYSIOLOGICAL CHARACTERS. 
Tempemture-Optimum 33° C. Growth good at 22° to 42°. Slow at 
18°, inhibited at 8° C. Thermal death point in milk 60° for 30 min-
utes, or 70° for 5 minutes. 
Sugars--N 0 fermentation of dextrose or lactose. 
33. MICROCOCCUS FREUDENREICHII-GuilZebeau. 
BIBLIOGRAPHY. 
Guillebeau (18919); Kruger; Conn (1391); Bochicchio (1894); Gruber 
(1902); Peter (1903); Conn, Esten and Stocking (1906); Golding 
(1912); Sternberg (1392). 
SYNONYMS. 
MicrococCIIs acidi lactis, Kruger. 
MicrococCits amarificans (Conn) Migula (I). 
Coccus lactis viscosi, Gruber. 
MicrococClts lactis albidtts (in part) Conn (2). 
Micrococcus lactis viscoslts, Sternberg. 
This organism is probably a variant of Micrococcus (pyogenes) albus. 
HISTORY. 
Conn (1891) described a Micrococcus of bitter milk (later named 
Micrococcus amarificans by Migula). This digests milk and produces 
a slimy liquid. Found originally in a creamery. 
Conn (1906) notes that this organism would probably belong to this 
species of Micrococws albidus, except for its slime production. 
Bochicchio (1394) secured a culture of this organism from Freuden-
reich and studied its physiological characters in detail. Freudenreich 
believed this to be the most common cause of slimy milk. 
The C OCCttS lac tis viscosi of Gruber is prooably not sufficiently distinct-
ive to deserve separation. 
Peter (1903) found this organism in the milk secured from 16 out of 
43 dairymen who supplied milk to one cheese factory. He notes that 
this organism is the most common cause of slimy milk in Switzerland. 
Diiggeli (139-) regards the Micl'OCOCCIIS freltdenreichii as the common 
cause of viscosity in cream, but not of the viscosity of milk lying 
below. 
MORPHOLOGY. 
Shape and Size-Spherical. .6 to 1.21-'. (Conn). (Guillebeau) Large 
cocci. 
GrOttping-Micrococcus . (Guillebeau) Usually single, rarely in short 
chains in bouillon. (Kruger) Forms diplococci and tetrade. (Conn) 
Sometimes appears as a diplococcus, but with no tendency to chain 
formation in gelatin. In agar there is a marked tendency to chains of 
several cells. 
M otility-N on-motile. (Conn) Non-motile. 
Spores-None. 
Stains-Gram positive (Conn). 
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CUL TURAL CHARACTERS. 
Gelatin Plate-Opaque colonies, usually white, some liquefying. Not 
characteristic (Conn). 
Milk Gelatin-(Guillebeau) Colonies at first white, entire, finally granu-
lar. After 2 days' rapid liquefaction. (Kruger) White, round with 
ragged border. Gelatin liquefied. 
Anar Plate-(Conn, 1891) Colonies very slimy, drawing out in very 
long threads. 
Potato-Moderate growth, white to yellow. Not characteristic (Conn). 
(Guillebeau) At times delicate growth, at other times luxuriant. Sul-
phur yellow to yellow-brown. 
Gelatin Stab-Liquefies in 1 to 3 days. Infundibuliform (Conn, 2). 
(Conn, 1-1891) Liquid slimy. (Kruger) Granular white growth, 
liqu efaction. 
Agar Streak-Moderately luxuriant, smooth, white growth. Not very 
thick (Conn). Gui llebeau) Good growth, white. 
Bou-illon-Sediment and turbidity, but no pellicle (Conn, 2). (Conn, 
1Sg1) Thin pellicle. Very slimy (I). (Guillebeau) First becom..es 
cloudy, then clear, with flocculent sediment. 
Milk-Usually acid, mayor may not curdle. Curd digested. (Guille-
beau) Some formation of acid, marked viscosity and coagulation after 
a few days. (Diigelli) Cream layer becomes intensely viscous, while 
milk below is normal in consistency and still liquid. (Kruger) Milk 
coagulated in five days when protein constituents are peptonized with 
the production of viscosity. (Conn, 1Sg1) Digested f1uid slimy. Co-
agulation due to an enzyme. 
PHYSIOLOGICAL CHARACTERS. 
Oxygen-Facultative anaerobic. (Diiggeli) Aerobic. (Kruger) Facul-
tative anaerobe. (Conn) Aerobic. 
Tempemture-Grows well at 20° to 37° C. (Diiggeli ) Optimum 20° C. 
(Guillebeau) Optimum 20° C. Growth occurs from lI o to 3.1° C. 
S~!gars-Dextrose, lactose and saccharose fermented with acid, but no 
gas (Conn). 
Desiccation-(Freudenreich) Relatively resistant. Bochicchio states 
that the slime is derived from the casein. 
Fig'ure 1. St1'eptococcus lactfells, 





Figure 2. Streptococcus lacticus, 
from first transfer of a commer-
cial starter culture. Capsule 
stain. It will be noted that 
some chains of organisms are 
capsulated, others are not cap-
su lated. 
l";gure 3. Streptococcus lacticus, 
eapsulated chains from a slimy 
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Figure 4. Streptococcus lacticus, 
occurring in long chains in a 
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Figure 5. St,'eptococcus lacticus, 
in long chains from a slimy com-
mercial starter. No capsules 
evident. 
\ 
Figure 6. St"eptococcus lacticu8, 
in long chains from a slimy com-




I"igure 7. Bacillus ?1HlCOSUS cap-
sulatus, from milk. Capsule 
stain. Note that the capsules 
nre very distinct and evidently 
are not sticking together. The 
milk from which tllis prepara-
I ion was made was not slimy. 
l"igure 8. Bacillus 1nUC08US cap-
sulatus, capsule stain of milk 
cu ltu re older than the culture in 
fig. 7. It will be noted that the 
capsulated material is evidently 
partly dissolved and the cause 
of sliminess is evidently the 
strings of capsular material 
which is evident between the 
cell s. 
Figure 9. Bacillus 1nUCOSUS cap-
81tlatus. 'tage intermediate be_ 
tween figs. 7 and 8. 
J!'igure 10. BacteT'i1!1n aerogenes. 
C,cpsule stain from slimy mille 
Sliminess is here again ev idently 
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